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Priority date (day/month/vear) 

22 August 1997 (22.08.97) 


Applicant 




PIDGEON, Charles et al 





1 . The designated Office is hereby notified of its election made: 

["x"| in the demand filed with the International Preliminary Examining Authority on: 

25 February 1999(25.02.99) 



| | m a notice effecting later election filed with the International Bureau on: 



2. The election 



□ 



made before the exp.rat.on of ^ months from the pnontv ri.te or. wm-e Ruie S2 ipphes. within the time Lm.t under 
Rule 32 ?(b) 



The International Bureau of WIPO 
34. chemm des Cotombettes 



i 



S^an i"av'o r 
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From the INTERNATIONAL BUREAU 
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^ 



^ UNIFICATION OF THE RECORDING 



^ OF A CHANGE 

(PCT Rule 92bis.1 and 



v Administrative Instructions, Section 422) 



To: 



LAMMERT, Steven, R. 
Barnes & Thornburg 
11 South Meridian Street 
Indianapolis, IN 46204 
ETATS-UNIS D AMERIQUE 



Date of mailing (day month year) 

19 July 1999 (19.07.99) 




Applicant's or agent's file reference 

3220 60918 


IMPORTANT NOTIFICATION 


International application No. 

PCT/US98/17398 


International filing date (day month yeai) 

21 August 1998 (21.08.98) 



i. me 



Tollowing indications appeared on record concerning: 
*' 1 * ' X the inventor | | the agent 



X the applicant 



□ 



the common representative 



Name and Address 

YIN, Jiaming 
Apartment K324 
6301 Glade Avenue 
Woodland Hills, CA 91367 
United States of America 


State of Nationality 

CN 


State of Residence 

US 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
[ | the person | X J the name the address [ | the nationality the residence 


Name and Address 

YIN, Jianming 
Apartment K324 
6301 Glade Avenue 
Woodland Hills, CA 91367 
United States of America 


State of Nationality 
CN 


State of Residence 

US 


Telephone No. 


Facsimile No. 


T e i e p r i n t e r No. 


3. Further observations, if necessary: 



4. A copy of this notification has been sent To: 
■ X I r^e receive Office 



The International Bureau of WIPO 
34, chemin des Colombettes 
1?11 Geneva ?0 Swrt7nrlnnd 



j q am a d o u m b i d i 



fvTCTjgafTn* 



PCT 

REQUEST 



The undersigned requests thai the present 
international application be processed 
according to the Paten: Cooperation Trear\ . 



For rece;\ ing Of::ce use cr 



International Application No 



International F:lmc Date 



Name of rccei\ me Office and "'PCT Interna:: on a : Arr;;cati?r 



Applicant's or agent's fiie reference 
; aes; -e d r > 2 cnaracier: maximum 3220 — 60918 



Bo\ No. I TITLE OF INVENTION 
DRUG DISCOVERY USING MULTIPLE MEMBRANE MIMETIC AFFINITIES 


Box No. II APPLICANT 


Name and adaress 'Family name followed b\ g:\en name fo r a lege:! en: in, Jul I official 
designation Tne adaress must include postaTcode and name of country The 'country 'of the 
address indicate am :h;s Box is the applicant s State ft hat :s. country , of residence if no Staie 
c-'-es.dence is indicated bclo* • 


| | This person is also inventor 


PURDUE RESEARCH FOUNDATION 

1021 Hovde Hall, Room 307 

West Lafayette, Indiana 47907-1021 

US 


Telenhnnf Nin 

(765) 494-2610 


Facsimile No 

( 765 ) 496-1277 




Teleprinter No 



State ■-: 
US 



o: nat)onanr\ . 



State aha: :s. country of residence 
US 



This person is an pi; can: 
for the purposes of 



| | ali designated 



States 



nrri ah desicnated Slates except 
1 A | the United States of America 



□ 



tne Lnned States 
of America onK 



□ 



the States indicated m 
the Supplemental Bc\ 



Box No. Ill FURTHER APPLICANT(S) AND OR (FURTHER) INVENTOR(S) 



Name and address ( Family name followed by given name, for a legal entity full official 
designation Tne address must include postal code and name'o-"ccun:r\ Tne counts' of the 
address ma.cateai n tms Box is tne applicant s State Una: is. country , oj residence if nc State 
of res. dence is indicated oelo*./ 



PIDGEON , Charles 

515 Evergreen Street 

West Lafayette, Indiana 

US 



47906 



This person is 

| | applicant on!> 

applicant and inventor 



I inventor on)> f If this check-box 
*—* is marked do not fill in belo* j 



State 'tne 
US 



:oumr\, of nationahrv. 



■ State (thai is. counts/ of residence: 

i US 



for the purposes of 



□ ali designated I 1 aJ: designated States except pTTI the United States I I the States indicated ;r. 
States ~ j ( the trued States of America L2L! of America on!> I I the Supplemental Box 



£2 



Further applicants and or ( further '> in\ entors are indicated on a continuation sheet 



Box No IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The person idenr.fiec t>elov> is hereb> "has been appointed to act on behalf 
of the appi.car.: si before tne competent Internationa. 1 Authorities as 



agent 



□ 



common representat^ e 



Name and add r e?? r Fam\:\ name followed b\ p:\en name for a lepa! entir* full o^icial Telephone No 



South Meridian St r<M ■ 
Indianapolis, Indiana 46204 
US 



(317) 231-7433 



1 Tclepnntc No 



Address for correspondence \ 1 a,' ► 

■ ra:e a - .. ■ e ~sej "teac t: ;::i;a' 



re sen La: is. na.- nee r . 
■ - ~ 'd he ser,; 



Form. PCT TO 10! , first sheet mjl;v Ivyg, 



See \o:es ic ine reauc 



She? ; No 2. 

Continuation of Box No. Ill FURTHER APPLICANTS) AND OR ( FURTHER) INVENTOR. S ) 



If none of the following sub-boxes is used, this sheet should not be included in the request. 



Name and adJ e^ name foliated b\ given name fop a tega: entity full off.ia. 

r' r*r~ ■ r -d--e*< ^ - ir elude ^osidlcode and na me cr counts Jnc counts or 1 

^J^c'^:nJ.:auI^K:VB:x]l tne drpficant sSiate ina: is cou of residence :r nc Sidle , This person is 

LIU, Hanlan 1 — 1 

6301 Glade Avenue, Apt. K324 , r^i iicam ^ im en:o: 

Woodland Hills, California 91367 j 1 — 1 

US i I I in\ rr.to: ors)> ^rtn^cn 

1 ;5 rnd r K£d dO n : ' • - 



State : 
CN 



ol na:;ena;ir* 



State 't'nax is country > of residence 

J2£_ 



Tr.is person :s applicant 
for the purposes of 



□ all desisnatcd 
Stales " 



□ aJl designated States except [— | the United States 1 1 the S;a;e, ind^ec in 
the United Slates of America L2LI of America oni> | | we Supplement. Bex 



Name and addre^ 'Famih name followed b\ given name for a teg^i enuty fui. oflui*. 
'de<?rc:<ior Theadd-e^ mu^t include postal code and name of country Tne country of the 
a ad^e ^':n ai c a :e z . c.\ :s t ne app.icani s State final is country , 0 j residence if no b id ;e 

of residence is indicated oe^o* > 

HAUER , Kimberly 

705 Chambers Road 

York , Pennsylvania 174 02 

US 



This person is 

applicant on! 



[ x| applicant and in\ enter 

I 1 inventor onl> f If this check-box 
' -5 marked ao not U.l m odo^ > 



State tna: is. counm ol national :r\ 
US 



State ( tnat is country > of residence 
US 



This person is applicant 
for the p-urpose? of 



1 1 ail descaled 1 1 ali designated States except I 1 the United States I I the States indicated in 

I j liafcV^ I I United States of America bu of America on!> I 1 the S upp;emer.ia. Box 



Name and address <Fam:l\ name followed?'* given name for a tega. entity, full official 
ae sanation Tne aaa-essmust include p ostal code ana name of country Tne country o1the_ 
a a a"- e s s md.ca : ed.nm. s B ox : s i n c app 1: can: sStd i e ' : > 
o 4 residence is indicated ce>ov. ; 



counts ■ of residence if no State 



YIN , Jiaming 

6301 Glade Avenue, Apt. K324 
Woodland Hills, California 91367 

US 



This person, is 

[ | applicant onl> 

|y | applicant and inventor 

□ in\ entor onl> Hf this cheek-box 
is marked, do net f 11 m belo* > 



CN 


: national:^ 


| State (that is. 

\ 


country / of residence 
US 




Tr.is person is appear.: 
for the purposes o: 


1 t ai- designated 

1 | States 


( 1 aJi desisnated States except 

I 1 the United States of America 


| — l the United State* 
1 Xl of America oni> 


| 1 the State- ird.catee ;r. 

I 1 the Supp Omenta. Bex 



Name and address iFamih name followed b\ given name for a legal entity , full official 
des^nation Tne address must include postal code and name of country Tne country of he This Derson is 

„JA ,r-<Rnx ^ the applicant sSiaie final is counts , ol residence if no State \ ' nis perso.. is 



o. f residence is indicated re i o^ ■ r i . 

I I applicant onl> 

CAI , Song J . 

810 Sunnyview Oval j DC J applicant and inventor 

V o .t - > . V < • -V ^ l' ■ f" i ~ ^ o o "> ' > 



State 'that is counts , 0 f national ir> | State tthai is country , of residence 
CN . U-S. 



; u!,acyr^ I 2e :e-r.ed v-s:e< ex:c?' fTTl ^ n ' :s ^ S .'f = " \ \ ^ 

I I State. 1 | '^e '. n.tcc States r! A^mer.c^ 1_aJ of Ame-..2 . ■ , \^ 



i.'.- ti.:.. ited ■ 
pr.e-enta. B 



[ j runr.e- appi:car.Ls and or ; further j inventors are indicated on another continuation sheet 



rr. P TT KC» I'M - conttnuat; on sheet » ■ Jul> ls>Q?, 



See \o:es to tne request form 



Sheet Nc 



Box No.V 



DESIGNATION OF STATES 



The folding designations are hercb> made unde- Rule 4 9u > -mark tne applicable check-boxes at leas: one must be ma-UJ 
Regional Patent 

H AP ARlPOPatent: Gh Ghana. C M Gambia, Kenya. LS Lesotho. MV> MalawuSD Sudan i SZ IS* aziland. IC L gansa. 
ZW Zimbabwe, and ar.> other State which is a Contracting State o: the Harare Protocol an. of the PCT 
Eurasian Patent: AM Armenia. AZ Azerbaijan. BY Belarus. KG K> rg> zstar. KZ Kazakhstan 
Mridova. Rl R-ssian Federation. TJ Tajikistan. TM Turkmenistan, and an 
of the L *j ratlin Patent Con\entior. and of the PCT 



EA 



MD Republic of 
other State which is a Contracting State 



EP European Patent: AT Austria BE Beiaiurn. CH and LI Switzerland and Liechtenstein CV Cvprus DE Gerrnan>. 
DK Denmark ES Spam. FI Finland. FR France. GB United Kingdom. GR Greece. IE Ireland. IT Ital> . LI Luxembourg 
MC Monaco. NL Netherlands. PT Portugal. SE Sw edcr.. and an> other State w hich is a Contracting State ol me E.rop^. 



Patent Contention and of the PCT 

BF Bu-Kina Faso. BJ Benin. CF Central African Republic. CG Congo. CI Cote d'hoire. CM c 



room 

zn\ other Slate 



H OA OAPI Patent. ~. ^ - . — .. , - , T/ ~ 

G A Gabon. GN Guinea. ML Mali. MR Mauritania. NE Niger. SN Senegal. TD Chad. TG Togo 
which a member, State of OAPI and a£ontractme State of the PCT (if other kind of protection or treatment desire u spe^n 
or. dotted line ■ Q^U-V&M./.r^-- ^ '^.V^i- 



National Patent f if other kind of protection or treatment desired, specif, on dotted line,. 




Lesotho 
Lithuania 
Luxembourg 
Lan 1a 

MD Republic of Moldo\ a 
MG Madagascar 

MK The former Yugosla\ Republic of Macedonia 



MN Mongolia 
M\\ Malawi 
MX Mexico 
NO Norwa> 

New Zealand 
Poland .... 

Porrugal 

Romania 

Russian Federation . . 
Sudan 
Sweden 
Singapore 
Slo\ema 

Slovakia 

Sierra Leone 

Tajikistan . 
Turkmenistan 

Turke> 

Trinidad and Tobago 

Ukraine 

I G Uganda 

United States of .America 



LZ 
VN 
YU 

Check-bcxe? rese^ed fr 



Uzbekistan 
Viet Nam 
Yugoslavia 
Zimbabw e 



E UK l :Der-u *— J 

Prec*utionar> Designation Statement: In addition to the designates mad 

u \ rh X 0 " d *e pe— med u-.dc- the PC T except am designation's » indicated m the Supplemental Box a> bein* ex.iucuc 
from the "scope of this statement The ap P l,cant dec.ares ma: mose aid.'.iona" des.gnations are subject t, co^irrnat^on ^ 
cessation which:. not confirmed befo:emeexp:^ti, no: ! 5 mcvur.s from thepnor.rx date is to be regaraec as w im.raw u-ie^p..^.. 
r . n ; . x ^.. 0 ', rr • ~ c limit ;>r/l^f;r>r ■ .^^t:on crnsisr the King o''a n:,t:cc srec:r.:ng tn^taesigra.. 



Form PCT KO 101 (second sheen (JuK 1998i 



See S'otes to me request form 



Sheet No 



Box No VI PRIORITY CLAIM 



Filing date 
of earlier aprhcati 

; etc rr.Or.ln \ eC" 



I 



Number 
of earlier application 



| | Farther prions claims are indicated :r. the Supplement: Be 
Where earlier application is 



national application 
country 



regional appiicatior 
regional Office 



Internationa: application 
rece;\ me Office « 



(22.08.97) 

22 August 1997 



60/056 ,833 



US 



I 



Th- rece-% mg Office i< requested to prepare and transmit to the International Bureau a certified cop> 
of'ihe earhef application^) - onlx if the earlier application *as filed *ith the Of/ice »mcntor tne 
purpose* of the present international application is the receiving Office, jdennfied abo\ e as itcrnis) { 1 J 



purpose* of the present international application is int ^tu- uiMtt ^ : ^ 

• Unere the earlier application « an ARJPO application n is mandatory to innate in fupvlwntalB^a: l€ %f^ m %^Sol° ^ Fa '* 
Co^ennorrgr tne Protection of induing] Proper for *hich that earlier application »asfnea 'Rule 4 10<t,<u» See Supplement. t>„x 



Box No. VII INTERNATIONAL SEARCHING AUTHORITY 



Countrv (or regional Offices 



competent 10 co rr ~, out the internationa. search indicate 
we Autnonty chosen the t-*o- letter code may be used) 

ISA us 



Date (da\ month year 



Number 



Box No. VIII CHECK LIST: LANGUAGE OF FILING 



This international application contains j This international application is accompanied by the item< si marked below 
the loiiovMng number of sheets 



request 

description (excluding 
sequence listing part) 

iaims 

abstract 

dra^ mgs 

sequence listing pan 
of description 

Total number of sheets 



54 



2 
0 



66 



! 1 J3C fee calculation sheet 

1 2 separate signed pov* er of anome> 

' 3 Qccop% of general power of attorn e> . reference number, if any 

j 4 □ statement explaining lack of signature 

; 5 □ priorirx document(s) identified in Box No Ylasitemfs) 

j 6 □ translation of international application into (language 1 

! *\ □ separate indications concerning deposited microorganism or other biological materia. 

' 8 n nucleotide and or ammo acid sequence listing .in computer ^^able form 
i Transmittal Letter to the US/RO 
9 other ''specif Return Postal Card 



Figure of the drawings which ^ one 
should accompan> the abstract 



Language of filing of the 

international application 



English 



Box No. IX SIGNATURE OF APPLICANT OR AGENT 



Sex: to each signage indicate me name of tne person signing and tne capacity m v-hich the person signs < if such capacity is no: obvious from reaaing ihe nquest, 




Agent for Applicants f Steven R. Lammert 



For recei\ ing Office use on'\ 



1 Date of actual receipt of the purported 
international application: 



2. Drawings 



r - - d 3 * r ^ a c 



ja ; 'ece*rv due ^ la'— " • 



t 



International Searching Authorin. 

i \: Tvwo or more are competent lori 



: * 'receipt o + uie r ccorC cor. 
r. the internet .oral Bureau 



□ 



until search fee is paid 



Fcv ]-tr~.iit : ± Bu-ea. use on* 



Form PCTRO !0i < last sheet \ ( Jul> 1995- 



u 



From the 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To STEVEN R LAMMERT 

BARNES AND THORNBERG 
11 SOUTH MERIDIAN STREET 
INDIANAPOLIS, INDIANA 46204 



PATENT COOPERATION TREATY 

PCT 



frk c r> 



RECEW 



r \ \ NOTIFICA^'ON OF TRANSMITTAL OF 



INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 

(PC I Rule '1.1) 





fa^/mvn^/yflr) 2 9 N 0 V '999 


Applicant's or agent's file reference 
3220-60918 


IMPORTANT NOTIFICATION 


International application No 
PCT/US98/17398 


International filing date (day I monthly ear) 
21 AUGUST 1998 


Priority Date (day /month/year) 
22 AUGUST 1997 


A ~ ~ 1 . ~ » 

PERDUE RESEARCH FOUNDATION 



1 The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the 
international preliminary examination report and its annexes, if any , established on the international application. 

2 A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication 
to all the elected Offices 

3 Where required b> an\ of the elected Offices, the International Bureau will prepare an English translation of 
the report (but not of an\ annexes) and will transmit such translation to those Otiiees 

4 REMINDER 

The applicant must enter the national phase before each elected Office b> performing certain acts (filing 
transitions an,: pa\ mg national fees ) w ithin 30 nu nths from the priority date ' or later in some Offices^ Article 
39(l))(see also the reminder sent h> the International Bureau with Form PCT IB ^M ) 

Where a translation of the international application must be furnished to an elee'ed Office, that t; an si at ion must 
contain a translation of an> annexes to the international preliminary examination report It is the applicant's 

;c..;h-:i ni: di;\ - ■ jrcpare and furnish such tran>lation duectU to each ele^t. : "t:^' ^ -ncerned 

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the 
PCT Applicant s Guide 



J OTi w 



7:..* , ■ 1 -K'^i 



'ATENT COOPERATION TREATY 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 
(PCT Article 36 and Rule 70) 



Applicant s or agent's file reference 
3220-60918 


rnD rrDTWP n , rTin v See Notification of Transmittal of International 
FOR Fl R i H LK AC 1 10> Prelirnmarv Examination Report (Form PCT/IPEA, '4 1 6) 


International application No 
PCT/US9R/17398 


International filing date (day/month/year) 
21 AUGUST 1998 


Priority date (day /monthly ear) 
22 AUGUST 1997 


International Patent Classification (IPC) or national classification and IPC 
IPC(6): C12Q 1/00; G01N 33/53, 33/566 and US CI. : 435/4,7.1,40.5; 436/501 


Applicant 

PERDUE RESEARCH FOUNDATION 



This international preliminary examination report has been prepared by this International Preliminary 
Examining Authority and is transmitted to the applicant according to Article 36 

This REPORT consists of a total of sheets. 

□ This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 

These annexes consist of a total of sneets ^ 



3. This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of report with regard to novelty 
Lack of unity of inv ention 

Reasoned statement under Article 35(2) with regard U 
citations and explanations supporting such statement 

Certain documents cited 



I 




11 


□ 


III 


□ 


IV 


□ 


V 


LD 


VI 


□ 


VII 


□ 


VIII 


□ 



JOYCE BADGERS 

PAT-'li:'.'^. S'\".A= jT/ 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US98/17398 



1. Basil of the report 



1 This report h&s beer, drawn on the basis of (Substitute sheets nhkh have been furnished to the receiving Offioe in response to an invitation 
wder A/tide 14 art reprred to in this report as "originally fikS and an not annexed to the report since Ouy do not contain amendments). 



| | the international application as originally filed 

[x] the description, pages 1-54 t as originally filed 



pages NONE 
pages NONE 
pages 



| x| the claims. 



Nos. NONE 

Nos NONE 

Nos NON E 

Nos 1-35 



| x j the drawings, shcets/ftg 1-2 



sheets/fig NONE 



sheets/£g NONE 
sheets/fig 



, filed with the demand 
, filed with the letter of . 
, filed with the letter of . 



, as originally filed. 

, as amended under Article 19 

, filed with the demand 

, filed with the letter of 05 October 1999 



, as originally filed. 
, filed with the demand 
, filed with the letter of 
, filed with the letter of 



2. The amendments have resulted in the cancellation of: 

[ x| the description, pages NONE 

Qc] the claims, Nos. 36 ~ 37 



[ x| the drawings, sheets/6^ NONE 



3 I I This report has been established as if (some of) the amendments had not been made, since they have been considered 
to go bevond the disclosure as filed, as indicated in the Supp l em e ntal Box Additional < bservauons below (Rule 70 2(c)) 



4 Additional observations, if necessan 
NONE 



(. I If ' I . A B- x I J, in kit\ ; ^4 * 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/US98/ 17398 



V. Reasoned statement under Article 35(2) with regard to novelty, inventi>t step or industrial applicability; 
citations and explanations supporting such statement 



1 STATEMENT 
Novelty (N) 

Inventive Step (IS ) 



Claims (Please Sec supplemental sheet) 
Claims (Please See supplemental sheet) 



Claims (Please See supplemental sheet) 



Claims (Please See supplemental sheet) 



YES 
NO 

YES 
NO 



Industrial Applicability (IA) 



Claims (Please See supplemental sheet) 



Claims (Please See supplemental sheet) 



YES 
NO 



2 CITATIONS AND EXPLANATIONS 

Claims 1-5, 7, 8, 12-14. 19-20. 22-23. 26. 29-31 lack novelty under PC.T Artirlr 13(2) »s being anticipated by Liu et a! 
(Analytical Chemistry, 1995). 

Liu et al tach a method of predicting drug membrane interactions by HPLC using immobilized artificial membranes 
(IAMs). Liu et al specifically teach the use of three different IAMs with control compounds as a predictive measure for 
compounds abilit) to partition into liposomes, or to predict intestinal transport (see the abstract, Figure 2 and column 1 - col. 

2, hne 9 of page 3554). The method requires the comparison of values for the control compounds (training compounds) with 
those for the compound whose properties are to be accessed. As the numerical values are calculated for plotting as in figure 2 
Liu et al anticipates claim 2. As the method uses IAMs in columns for HPLC analysis and the observed retention time, claims 

3, 5, 7 and 12 are anticipated (see the experimental section under " Chromatography " ) As one of the I AM columns is 
IAM .PC.DD which has phosphatidyl choline immobilized claim 4 is anticipated. AS the same series of compounds is used as 
control standards with all three I AM columns in the examples the numerical values of T and C would be "normalized" against 
a common reference standard as required by claim 8. As the I AM PC columns utilized have three lipids linked: PC, an end 
capped CIO and an end capped C3 (see Chart 1 page 3551), they anticipate claim 13 and 14. Liu et al also set forth compounds 
reading on those in claim 29-30 (see chart 1 on page 3351). 

Claims 15-18 and 24 lack an inventive step under PCT Article 33(3) as being obvious over Liu et al. 

See the teachings of Liu et al set forth above. The reference does not explicitly set forth the use of a computer for 
comparing the numerical values as required in claims 15-18 or the use of substantially equimolar amounts of the compounds 
with biological properties. 

It would have been prima facia obvious to one of ordinary skill in the art at the Lime the invention was made to 
utilize a programmable computer to calculate, compare and display the data derived from the use of each of the I AM 
columns in the method ot {Continued on Supplemental Sheet.) 



, ; i -\ 4^ B-x v ■ J.ir. ..i;> : ^4 * 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT US98/ 17398 



Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: Boxes I - VIII 



Sheet 10 



V. 1. REASONED STATEMENTS: 

The report as to Novelty was positive (YES) with respect to claims 6, 9-11, 15-18, 21, 24-25, 27-28 and 32-35 
The report as to Novelty was negative (NO) with respect to claims 1-5, 7, 8, 12-14, 19-20, 22-23, 26 and 29-31 
The report as to Inventive Step was positive (YES) with respect to claims 6, 9-1 1, 21, 25, 27-28 and 32-35. 
The report as to Inventive Step was negative (NO) with respect to claims 1-5, 7, 8, 12-20, 22-24, 26 and 29-31. 
The report as to Industrial Applicability was positive (YES) with respect to claims 1-35. 
The report as to Industrial Applicability was negative (NO) with respect to claims NONE. 

V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued); 

Liu et al because a programmable computer would allow one to more quickly and efficiently collect, analyze, save, compare 
and display data on numerous compounds. One of ordinary skill in the art would have been motivated to use a computer in 
the method in view of the art recognized advantages of using a computer to handle data as set forth above. One of ordinary 
skill in the art would have reasonably expected to be successful in doing so because numerous programs for manipulating data 
are commercially available. Moreover, one of ordinary skill in the art would have been motivated to use compounds at 
substantially equimolar amounts in order for them to be detected by the HPLC simultaneously. 

Claims 6, 9-11, 21, 25, 27-28 and 32-35 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not 
teach or fairly suggest the inventions of the instant claims. 

Claims 1-35 meet the criteria set out in PCT Article 33(4), for industrial applicability. 

Applicants assert that the instant claims are novel over Liu et al as the reference ir directed toward in vitro 
screening and that Liu et al teach nothing about using data sets from multiple mimetic surfaces for predicting the biological 
properties of compounds. 

Applicant's arguments have been considered but are not found persuasive. The first argument is not found persuasive 
because the entire disclosure of the Liu et al reference is directed to establishing the properties with respect to artificial 
membranes that mimic biological membranes and their properties. The second argument is not found persuasive because the 
Liu et al reference teach using multiple different types of I AM surfaces and with drugs and in the conclusion discusses using 
different I AM surfaces to predict drug membrane interactions. Therefore, the objection is maintained for the reasons above 
and for the reasons of record. 



NEW CITATIONS 

LIU et al. Predicting Drug- Membrane interactions by HPLC: Structural requirements of chromatographic surfaces. Analytical 
Chemistry 01 October 1995 Vol 67, No 19, pages 3550-355 7 , see entire document 
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II Priority 
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IV j | Lack of unity of invention 
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WRITTEN OPINION 








PCTUS98 17398 



Basis of the opinion 



1. This opinion has been drawn on the basis of (Subsiiiuie stieeis vJiidi )uix>e been furnished to Oie receiving Office in response to an 
invitation under Article 14 are referred to in this opinion as "originally filed".). 



[ x| the international application as originally filed. 

| x| the description, pages , as originally filed. 



pages 
pages 



NONE 



NONE 



, filed with the demand. 
, filed with the letter of 



| x| th e claims, Nos. ** 37 , as originally filed. 

Nos. NONE , as amended under Article 19. 

Nos. NQNE , filed with the demand. 

Nos. NQNE , filed with the letter of 



the drawings, sheets/ftg , as originally filed. 

sheets/6g NONE ^ filed with the demand. 

sheets/ftg NONE , filed with the letter of . 



□ 



2. The amendments have resulted in the cancellation of: 

the description, pages ^ 0 ^ 

the claims, Nos. 



NONE 



the drawings, sheets/fig NONE 



This opinion has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed, as indicated in the Supplemental Box Additional observations below 
(Rule 70.2(c)). 



4. Additional observations, if necessary : 
NONE 
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WRITTEN OPINION 


International application No. 
PC77US98'I7398 


V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. STATEMENT 
Novelty (N) 

Inventive Step (IS) 
Industrial Applicability (IA) 



Claims (Please See supplemental sheet) 



Claims (Please See supplemental sheet) 



Claims (Please See supplemental sheet) 



Claims (Please See supplemental sheet) 



Claims (Please See supplemental sheet) 



Claims (Please See supplemental sheet) 



YES 
NO 

YES 
NO 



YES 
NO 



2. CITATIONS AND EXPLANATIONS 

Claims 1, 3-6, 8, 13-15, 20-21, 23-24, 27, 30-32 lack novelty unHer PCT Article 33(2) as being anticipated by Liu et al 
(Analytical Chemistry, 1995). 

Liu et al tach a method of predicting drug membrane interactions by HPLC using immobilized artificial membranes 
(IAMs). Liu et al specifically teach the use of three different lAMs with control compounds as a predictive measure for 
compounds ability to partition into liposomes, or to predict intestinal transport (see the abstract, Figure 2 and column 1 - col. 2, 
line 9 of page 3554). The method requires the comparison of values for the control compounds (training compounds) with those 
for the compound whose properties are to be accessed. As the numerical values are calculated for plotting as in figure 2 Liu et 
al anticipates claim 3. As the method uses IAMs in columns for HPLC analysis and the observed retention time, claims 4, 6, 8 
and 13 arc anticipated (see the experimental section under "Chromatography"). As one of the LAM columns is IAMPC.DD which 
has phosphatidyl choline immobilized claim 5 is anticipated. AS the same series of compounds is used as control standards with 
all three 1AM columns in the examples the numerical values of T and C would be "normalized" against a common reference 
standard as required by claim 9. As the IAM PC columns utilized have three lipids linked: PC, an end capped CIO and an end 
capped C3 (see Chart 1 page 3551), they anticipate claim 14 and 15. Liu et at also set forth compounds reading on those in 
claim 30-31 (see chart 1 on page 3351). 

Claims 16-19 and 25 lack an inventive step under PCT Article 33(3) as being obvious over Liu et al. 

See the teachings of Liu et al set forth above. The reference does not explicitly set forth the use of a computer for 
comparing the numerical values as required in claims 16- 19 or the use of substantially equimolar amounts of the compounds 
with biological properties. 

It would have been prima facia obvious to one of ordinary skill in the art at the time the invention was made to 
utilize a programmable computer to calculate, compare and display the (Continued on Supplemental Sheet.) 



form PCT It'r.A 4uX <\ : .^\ X > iJanuar\ | i ; i <4,* 



WRITTEN OPINION 



International application No. 

PCTUS98/17398 



VIIL Certain observations on the international application 



The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

Claim 2 is objected to as lacking clarity under PCT Rule 66.2(a>v) because practice of the claimed invention is not enabled as 
required under PCT Rule 5.1(a) for the reasons set forth in the immediately preceding paragraph. 

Claim 2 recites the use of empirical derived numerical values. The claim lacks ennoblement as empirical values are derived based 
upon the experience of those conducting the claimed method. The claim does not set forth the empirical steps which would be 
used to derive the numerical values. 

Claim 15 and 30-33 are objected to under PCT Rule 66.2(aXv) as lacking clarity under PCT Article 6 because the claims 
indefinite for the following reason(s): 

Claim 15 set forth that the lipids of the membrane mimetic are present in an amount that corresponds substantially to 
that of a predetermined biological membrane. This is vague and indefinite as it is unclear what limitations apply to "corresponds 
substantially." 

Claims 30-33 set forth the term biologically significant amphophil. This term is vague and indefinite as it is unclear 
what limitations apply to a "biologically significant.*' 

Claim 33 recites the a structure with the group "B." This is vague and indefinite as the group is not defined by the 
claim. Moreover, the claim appears to lack antecedent basis in claim 3 1 lrom which it depends as the structures encompassed 
by claim 33 do not appear to be encompassed by claim 31 or claim 30 from which both claims depend. 
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WRITTEN OPINION 


International application No. 
PCT/US98/17398 


Supplemental Box 

ffo be used when the space in any of the preceding boxes is not sufficient) 


Continuation of: Boxes I - VIII 


Sheet 10 



TIME LIMIT: 

The time limit set for response to a Written Opinion may not be extended. 37 CFR 1.484(d). Any response received 
after the expiration of the time limit set in the Written Opinion will not be considered in preparing the International 
Preliminary Examination Report. 



V. 1. REASONED STATEMENTS: .... 
The opinion as to Novelty was positive (YES) with respect to claims 2, 7 , 9-12, 16-19, 22, 25-26, 28-29, 33-37. 
The opinion as to Novelty was negative (NO) with respect to claims 1, 3-6, 8, 13-15, 20-21, 23-24, 27, 30-32. 
The opinion as to Inventive Step was positive (YES) with respect to claims 2, 7, 9-12, 22, 26, 28-29, 33-37. 
The opinion as to Inventive Step was negative (NO) with respect to claims 1, 3-6, 8, 13-21, 23-25 , 27 , 30-32. 
The opinion as to Industrial Applicability was positive (YES) with respect to claims 1-37. 
The opinion as to Industrial Applicability was negative (NO) with respect to claims NONE. 

V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued)! 

data derived fruin the use of eacn oi the 1AM columns in the method of Liu et al because a programmable computer would 
allow one to more quickly and efficiently collect, analyze, save, compare and display data on numerous compounds. One of 
ordinary skill in the art would have been motivated to use a computer in the method in view of the art recognized advantages 
of using a computer to handle data as set forth above. One of ordinary skill in the art would have reasonably expected to be 
successful in doing so because numerous programs for manipulating data are commercially available. Moreover, one of 
ordinary skill in the art would have been motivated to use compounds at substantially equimolar amounts in order for them to 
be detected by the HPLC simultaneously. 

Claims 2, 7, 9-12, 22, 26, 28-29 and 33-37 meet the criteria set out in PCT Article 33(2X3). because the prior art does not 
teach or fairly suggest the inventions of the instant claims. 

Claims 1-37 meet the criteria set out in PCT Article 33(4), for industrial applicability. 



NEW CITATIONS 

LIU et al. Predicting Drug-Membrane interactions by HPLC: Structural requirements of chromatographic surfaces. Analytical 
Chemistry. 01 October 1995, Vol. 67, No. 19, pages 3550-3557, see enure document. 
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Abstract . . 

_ are numerous measures of 
stud.es. individual bioact.v.ty ^^J^y^«^J^ anifiaalmembranes (IAMs) opened new 
In.roduct.on of an original reversed-phase m ^ n ^ ^ '^pUiaty^nven processes. Comparat.ve stud.es of 
ocrsoectives for bioactivity predictions in the case of the nva ™P™ D J the advantages of the IAM-denvcd 
J.2£.»!e of the HPLC-denved - 
hydtophobicity parameters in predicting the huma skin y ioniM(J at pnys , ologi cal P H appeared Hess 

parameters. 



by the slow equilibration methods calted the 
attention of researchers towards ^ 
high-performance liquid chromatography (RP- 
HPLC) as a tool for a convenient assessment of 
relative hydrophobicities within a series of soi- 



1. Introduction 

The n-octanol-water liquid-liquid partition 
system is the common reference system pro- 
viding the most popular scale of hydrophobic, ty 
i c logarithm of partition coefficient, log /* IM- 
Although the n-octanol-water system cannot be 
assumed the best possible model for all b o- 
log.cal permeation barriers and receptor binding 
sites large compilations of log P data [2] form 
the bas.s for many satisfactory bioactivity predic- 
tions On the other hand, tcdiousness and poor 
reproducibility of hydrophobic^ determination 



Ut The RP-HPLC systems commonly applied for 
hydrophobic.^ determination employ octanol- 
hke or hydrocarbonaceous stationary phase ma- 
terials 131. Recently. . new RP-HPLC stationary 
phase matenal became available wh.ch models 
Natural membranes, namely the soiled mv 
mobilized artificial membrane (IAM) 1*1- »" c 
1AM phases form cofluent monolayers of im- 
mobilized membrane lipids (.ecithin) wherein 
each lipid molecule is covalent.y bound to pro- 
pvlamine-silica Unreacted propylamine mo.ct.es 
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can additionally be end-capped with 
methylglycolate. Membrane lipids possess polar 
headgroups and two non-polar chains. One of 
the alkyl chains is linked to the propylamine- 
silica surface. The immobilized lipid headgroups 
protrude away from the stationary phase surface 
and are the first contact site between solutes and 

IAM I 5 )" ^ 

Preliminary studies have demonstrated a good 

correlation between retention data determined 
on IAMs and human skin permeation for short 
series of alcohols and steroids. The same bio- 
logical data showed poor correlation with chro- 
matographic retention parameters determined on 
a regular hydrocarbonaceous reversed-phase col- 
umn 14,5). Kahszan et ai. [6j demonstrated weak 
correlations (R = 0.8) between retention data 
determined on the IAM-type columns and the 
reference hydrophobicity measure, log P, for a 
series of psychotropic and antihistamine drugs. 
There was also a very weak correlation between 
the logarithm of the capacity factor from the 
IAM column, log k[ AM . and the extrapolated to 
pure buffer eluent logarithm of capacity factor 
determined on a deactivated hydrocarbonaceous 
silica column [6]. Recently, Kaliszan et al. [7] 
reported high correlation between log * IAM de- 
termined with buffers of physiological pH and 
the lonization-coirected reference hydrophobic- 
ity parameter from the n-octanol-watcr system 
for a group of /3 -adrenolytics (R = 0.962) and a 
poorer correlation (R = 0.839) for a sencs of 
phenothiazincs. Regression analysis of several 
pharmacokinetic and other bioactivity data for 
the agents under study in terms of hydropho- 
bicity parameters demonstrated the performance 
of log A,\ M to be as good as that of the reference 
hydrophobic^ parameters in predicting of the 
activity of drugs within biophasc. 

In this report wc further confirm the observa- 
tion that retention data determined in a simple, 
fast and reproducible manner on IAM columns 
comprise information on properties of scries of 
xenobiotics which are distinctive from those 
provided by the n-octanol-watcr systems. Wc 
compare the performance of different hydro- 
phobicity scales in predicting a human skin 
permeability. 



2. Experimental 

2.1. Materials 

Three test series of the compounds were 
analyzed: steroid hormones, phenolic derivatives 
and a group of agents known to permeate skin in 
an ionized form. 

The following sieroids -were chromatographed: 
estradiol, estriol, estrone, hydrocortisone, pre- 
gnenolone, progesterone, testosterone (all from 
Sigma, St. Louis, MO, USA), aldosterone, cor- 
tisone and deoxycorticosterone (all from Koch- 
Light Labs., Colnbrook, UK) 

The test group of phenolic compounds was 

phenol, chlorocresol, p-chlorophenol, o-cresol, 
m-cresol, p-cresol, p-ethylphenol, m-nitro- 
phenol, p-nitrophenol (all from Aldnch, 
Steinheim, Germany), methylhydroxybenzoate 
(Unia Labs., Warsaw, Poland), 0-naphthol, 
phenol, resorcinol, thymol (POCh, Gliwice, Po- 
land). L . • • i 
The group of solutes ionizable at physiological 
conditions consisted of: baclofen (Polfa, 
Starogard, Poland), L-phenylalanine, L-tyrosine, 
L-tryptophan (all from Sigma), sodium salicylate 
(Polfa). 

2.2. Human skin permeation data 

Logarithms of permeability coefficient, log 
had been chosen as measures of skin permeabili- 
ty by various solutes. 

The human skin permeation data (log K p ) of 
steroid hormones were taken from Scheuplein et 
al. [8]. The permeability data of phenolic com- 
pounds across human epidermis were taken from 
Roberts et al. (9). The respective skin permea- 
tion data for the test series of ionizable agents 
were found in Ruland and Kreuter [10], 
Mazcnga ct al. [11] and Kurihara-Bergstrom et 

ai. (i:i. 

2.3. Reference partition coefficients 

The human skin-water partition coefficient 
data (log P m ) for a group of steroid hormones 
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were found in literature (8). Reference n-oc- 
tanol-water partition coefficients for the three 
series of test compounds were taken from Refs. 
[2), [13] and [14]. 

2.4. Determination of hydrophobicity by HPLC 
on an I AM column 

The column used was formed by l-myristoyl-2- 
[(13-carboxyl)-tridecoyl]-5/i-3-gIycerophosphoch- 
oline (lecithin-COOH) bonded to silica-pro- 
pylamine with the unreacted propylamine moi- 
eties end-capped with methylglycolate. A com- 
mercially distributed IAM.PC.MG 150 x 4.6 mm 
I D. column was purchased from Regis (Morton 
Grove, IL, USA). The column was characterized 
by particle diameter 12 M m and P° re d» ameter 
300 A. 

The chromatographic system consisted of a 
Model L-6200A pump, a Model L-4250 UV-V1S 
detector and a Model D-2500 chromato-intcgra- 
tor (all from Merck-Hitachi, Vienna, Austria). 
The experiments were carried out at ambient 
temperature using a flow-rate of 1 ml/min. 

Test scries of steroids and phenols were chro- 
matographed with acetonitrile-0. 1 M sodium 
phosphate buffer pH 6.0 (5:95, v/v) eluent. 
Detection wavelength varied for individual sol- 
utes. The compounds studied were injected into 
the column after dissolution in methanol. In case 



No. 



Compound 



1 Aldosterone 

2 Cortisone 

3 Deoxycorticosterone 

4 Estradiol 

5 UmhoI 

6 EM rone 

7 Hydrocortisone 

8 Pregnenolone 

9 PropcMerone 
\i) Testosterone 



* K r (cm s 1 ) jnd P m according to Scheuplcin ct al |S) 
K According 10 hi Tavar ct al [13| 





of the test series of highly ionizable solutes the 
eluent was pure buffer without organic modifier. 

Capacity factors, *; am , were calculated assum- 
ing as the dead volume of the column a solvent 
disturbance signal given by methanol. 

2.5. Statistical procedure 

Quantitative relationships between human 
skin permeability coefficients and hydrophobicity 
parameters of the compounds analyzed were 
studied by a multiple regression analysis method. 
A standard, commercially available statistical 
package was employed using a personal com- 
puter. Requirements for meaningful regression 
analysis [l5j were observed. 



Results and discussion 

The first set of solutes studied comprised a 
series of steroid hormones for which the refer- 
ence hydrophobicity data: n-octanol -water parti- 
tion coefficient (log P^) and human skin-water 
partition coefficient (log r m ) were found in the 
literature [8,13]- Respective data are collected in 
Table 1 along with the chromatographic hydro- 
phobicity parameter obtained on the IAM col- 
umn, log *,' AM , and the human skin pernvation 
data, log K p . 



Human skin pcrmcnb.lU) coefficients (log K r . log P.) and hydrophoh.cH> parameter (lop *;, M . log P„ 
hormones 



Log *!am 



-v) (IK 
-8 56 
-h 90 
-7. US 
-7 95 
-6 m 
- v . ( is 

-6 38 
-6.38 
-6 95 



0 83 
0.93 
1.57 
1.66 
36 
1 .66 
0 85 
1.70 
2.01 
1.36 



0 649 
0.772 

.730 
2 179 

1 368 
2.1*01 
0.843 
2.124 

2 199 
I 693 



86 
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The relationship between log K p and log *,' AM 
for the steroids is given by the equation: 

log JC P = -10.19(± 0.37)+ 1.77(± 0.22) log*,' AM 

n = 10./? = 0.942, p<510" 5 (1) 

where n is the number of data points used to 
derive regression equation, R is the correlation 
coefficient, p is the significance level and num- 
bers in parentheses denote the standard devia- 
tions of individual regression coefficients. Good 
quality of correlation provided by Eq. 1 is 
illustrated in Fig. la. 

The corresponding equation which describes 
log K p in terms of log P^ has the form: 

log K p = -10.39(± 0.53)+ 1.18(± 0.20) log P^ 
n = 10, R = 0.900, p< 4 • KT 4 (2) 

Correlation between the observed log K p data 
and the data calculated by Eq. 2 is illustrated in 
Fig. lb. Good statistical quality of both Eqs. 1 
and 2 can be explained by the fact that the 
hydrophobicity parameters, log *,' AM and log 
P^,, are evidently intercorrelated (K = 0.911). 
However, as evident from Fig. 1 the log *| AM is a 
better predictor of skin permeation than log P ^ 

For the group of hormones analyzed a highly 
significant correlation between the skin-water 
partition coefficient (log P m ) and hydrophobicity 
parameter determined on the IAM column, log 
*J AM , has also been observed: 

log P m = 0.40( ± 0.10) + 0.64( ± 0.06) log *I AM 

n = 10, R = 0.966, p< 10"' (3) 

The corresponding equation describing log P m 
in terms of log P t>c , has the form: 



log p m = o.33( ± 0.17) + 0.42( ± 0.06) log P^, 
n = 10,«-0.917,p<2l0~ 4 



(4) 



Previously Raykar ct al. [16) reported correla- 
tion between log P^, and log P m . The high 
statistical quality of Eqs. 3 and 4 proves that 
both log k[ AM and log P Mt can be used to 
evaluate the partitioning of steroids between the 
water and the stratum corncum. Again, the log 
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than log P^. 

The permeabi»ity data of 14 phenolic com- 
pounds across human epidermis and the refer- 
ence hydrophobicity data taken from El Tayar et 
al [13] are given in Table 2 along with the 
chromatographic hydrophobicity parameters ob- 
tained on the IAM column, log *,' AM . 

Eq. 5 Jeicribes the parabolic relationship 
between an epidermics permeability coefficient, 
log AC p , and the log P^ proposed by the original 
authors: 

, og Kp = -8.71( ± 0.48) - 0.37( ± 0.10) 



(log P^) 2 

+ 2-*8(±0.46) log P~- 
n = 14, 0.943, s = 0.22 



(5) 

A lower correlation was observed between log 
K p and a chromatogiaphically determined hydro- 
phobicity parameter, log k[ AM : 
log K p = -6. 16( ± 0.20) - 0.46( ± 0.37) 

•0og*; AM ) 2 

+ 1.54 v ±0.47) log ^iam 

n = 14, R= 0.797, s = 0.40 (6) 

The linear relationship between log K p and the 
hydrophobicity measures log P c and log ^iam * 
have the forms, respectively: 
log K = _ 7f2 0( ± 0.29) + 0.81( ± 0.13) log P^ 

„ = 14, K =0.876, p<410" 5 (7) 
| og * p = -6.09( ± 0.20) + 1 .05( ± 0.26) log k[ A „ 
n = u, P = 0.765, p< 10" 3 (8) 

In case of this data set log P^ x appears to be a 
better bioactivity predictor than log k\ AM . It has 
to be noted, however, that a difference between 
the two hydrophobicity measures is mostly due 
to the single solute, namely resorcinol. Its log K p 
deviates evidently from the remaining solutes. 
Log p oct appears to better account for this 
deviation but it may be fortuitous. 

The available skin permeation and reference 
hydrophobicity data for a scries of agents known 
to permeate skin in an ionized forms are col- 
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Human skin permeability data (log K p ) and hydrophob.aty parameter, (log log P„) o* P^nohc compounds 



No. 



Compound 



1 p-Bromophenol 

2 Chlorocresol 

3 /r-Chtorophcnol 

4 o-Crcsol 

5 m-Cresol 

6 p-Cresot 

7 /r-Ethylphenol 

8 Methylhydroxybenzoate 

9 0-Naphthol 

10 m-Nitrophcnol 

1 1 ^-Nttrophcnol 

12 Phenol 

13 Rcsorcinol 

14 Thymol 



Log 


Log*,'*M 


Log^ 


-5 00 


0995 


2.59 


-4.82 


1.183 


3 10 


-5.00 


0.728 


2 39 


-5.36 


0.363 


I 95 


-5.37 


0.363 


1 96 


-5.31 


0.418 


1 94 


-5.01 


0.761 


2.37 


-5.60 


0 520 


1 96 


-5.11 


1.254 


2 84 


-5 81 


0.598 


2 00 


-5.81 


0 595 


I 91 


-5.64 


0 


1 46 


-7.18 


-0 141 


0 78 


-4.83 


1 342 


3.30 



' K p in cm s 1 according to Roberts et al. |9). 
* According to El Tayar et al. |13|. 

lected in Tabic 3. Correlation between log *| AM 
and log K p is significant (R = 0.903) and that 
between log P and log AC p is meaningless (R = 
0.136). Unfortunately, the number of the avail- 
able data points is highly limited and the correla- 
tion observed may be fortuitous. 

It is hypothesized that for ionized penetrants 
another mechanism of skin absorption operates. 
A porous pathway is supposed and aqueous 
solubility, not the hydrophobic-hydrophilic 
partition equilibrium, to determine the rate of 
skin permeation by ions (11.17]. 

Hydrophobicity is a complex property depend- 
ing both on the molecular structure of the solute 
and on the environment in which it is actually 



placed. There is no a single, universal hydro- 
phobicity measuring system which could be rec- 
ommended in every case of structure-bioactivity 
relationships. Perhaps particular properties of 
the IAM phases allow for some modeling of skin 
permeation. Contrary tc the standard hydropho- 
bic phases, the lAMs possess polar hcadgroups 
being the first site of contact with interacting 
solutes similarly to natural biomembranes. That 
first interaction would be of a polar (hydr nhilic) 
nature. If it would be decisive for skin permea- 
tion of polar, water-soluble agents then the 
observed correlation between log *| AM and log 
AT r is not by chance but real. It is highly prob- 
able, however, that the 1AM phase is unable to 
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Human am pcrmc.ibil.iy d«u (log M and hydmphohiciiy parameters (log *, AM . lop /»,„,) of ionised agents 



No 


Compound 


Log K p " 


LopA,\ M 


Log f\, * 


t 


n.iclofcn 


-h 77 


-0.725 


-0 <*i 




Phen>l.ilaninc 


- H (IK 


- 0 


-1.35 




Sodium vilic\ late 


-7 K2 


- u.575 


2 2fV 


4 


1 \ rosinc 


- H 14 


-0.545 


-2 2f> 




Tr\ptoph.in 


-8 W 


-0 412 





' K r in cm s 1 according to Rul,nd and Kreutcr Mazrcnga ct al [111 and Kunhara Bcrgstmm ct al |I2| 
" According to Craig |2l and Hansen and Leo |14| 
' V.duc reported for vilic\ltc acid 
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account for the hydrophobicity differences 
among readily ionized compounds. Such com- 
pounds elute too close to the non-retained 
markers to make their relative retention data 
reliable. The correlations reported here will 
further be tested with the additional skin per- 
meability data currently prepared by us. 

In conclusion we would like to emphasize that 
the new IAM columns allow for a fast and 
convenient characterization of hydrophobicity of 
MI xenobiotics. Our results supply the evidence in 
support of the hypothesis that HPLC hydro- 
phobicity measures determined on IAM columns 
may provide different (and more significant in 
individual cases) input to the description of 
individual hydrophobicity-affected bioactivity 
da*a than the standard hydrophobicity parame- 
ters [7]. This could be rationalized in terms of a 
closer similarity of the IAM structure to the 
biophase-forrning species than in the case of an 
n-octanol-water system. 

Certainly the hypothesis on the general advan- 
tage of the HPLC scale determined on IAM 
columns for molecular pharmacology and phar- 
macokinetics requires further testing. However, 
there is an unquestionable advantage of the 
approach recommended here: it is much easier 
to obtain precise and reproducible hydropho- 
bicity measures by the means of an 1AM column 
than by the standard shake-flask or by the 
octanol-likc HPLC approaches. 
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4 (4-[(2-Hydroxybenzoyl)amino]phenyl]but\Tic Acid as a Novel Oral Delivery 
^gent for Recombinant Human Growth Hormone 
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A series of JV-acetylated, non-a, aromatic amino acids was prepared and shown to promote the 
absorption of recombinant human growth hormone < rhGH from the gastrointestinal tract. 
Seventy compounds in this family were tested in vivo in rats. Of the compounds tested, 4-[4- 
|(2-hydroxybenzoyDamino]phenyl]butync acid was identified as a preclinical candidate and 
was used to demonstrate the oral delivery* of rhGH in primates. A significant positive correlation 
was found between the relative log *' of the delivery agents, as determined by HPLC on an 
immobilized artificial membrane ■ LAM i column, and serum rhGH concentrations following oral 
or rnlnmc dosing m rats. Structure activity relationships have also been developed on the 
basis of electronic effects and hydrogen-bonding characteristics of the aromatic amide 
substituents. 



Introduction 

Dramatic progress m the field of biotechnology during 
•jie past decade has resulted in a large increase in the 
number of commercially available protein drugs. : While 
^ eS e new drugs have enormous therapeutic potential, 
±ey represent a major clinical challenge for oral 
jelivery J because the function of the gastrointestinal 
Met. by design, is to degrade proteins 3 and prevent 
- t :r absorption . 4 Acid-induced hydrolysis in the stom- 
jch. enzymatic degradation throughout the gastrointes- 
■.:nal tract, and bacterial fermentation in the colon are 
lniong the many barriers that can prevent the oral 
:e;:very of proteins and large peptides. Physical bar- 
-ers to delivery include poor solubility m the intestinal 

r.v-ronment and lack of permeation through the epi- 
■neiial cells. The latter can exclude the passage of 
impounds across the tissue on the basis of size, charge. 
..-.dor hpophilicity Given these barriers, it is not 

j-pnsing that the oral delivery of protein and peptide 
irugs has been considered impossible or. at best, dif- 
~cu:t Taken together, these characteristics result in 
rurumal oral bioavailibihty of protein drugs 1 and neces- 

:ate administration by injection in order to achieve 
--rapeutic concentrations of the drug in the blood 

Human growth hormone :s a protein drug that has 
used to treat growth hormone deficiency m chil- 
dren since 1958.* 1 Endogenously, it is a heterogeneous 
*.xture of polypeptides whose main component is a 

~.z -e-chain. 191 amino acid protein ' M\V 22 124 ; 
■vorporating two intramolecular disulfide bonds and 
1 amino terminus. The drug was obtained exclu- 
*n»m human. ;adav t -rc pituitarv t-ytr^'s- un T ' ] 



be administered by subcutaneous or intramuscular 
injection; however, subcutaneous injection is preferable 
because it is less painful." rhGH therapy has been 
approved for a number of medical indications, but the 
clearest clinical indication for rhGH is replacement 
therapy in pediatric isolated growth hormone defi- 
ciency.^ The clinical manifestation of this condition is 
a lack of growth as evidenced by a height that is 
significantly below that expected on the basis of age and 
sex. Growth hormone therapy increases growth and 
improves bone density in this population of patients 
with relatively few adverse side ejects. 1 " Daily subcu- 
taneous administration is recommended because it has 
proven to be more effective than the three times, week 
or once weekly dosing schedules used previously. The 
daily dosing schedule also more closely mimics the 
natural. Orcadian cycle of normal, endogenous growth 
hormone release. 

Because rhGH is most commonly used in pediatric 
patients, a noninjectable dosaee form would great lv 
facilitate patient compliance. To date, only two studies 
m this area have been reported, and both have met with 
limited success. Ron et al.-~ have developed a controlled- 
release system for long-term rhGH therapy that uses a 
biodegradable polymer implant. Implantation of this 
polyanhvdnde polymer impregnated with bov-.ne growth 
hormone bGH > into the lower abdominal cavity of rats 
caused the release of biologically active bGH into the 
circulation for up to 3 weeks. In the other study, serum 
levels of rhGH were reported following intranasal 
administration in humans. ' These studies notwith- 
~* and 1 irV .-!»■ 1 • v^»". ♦" - L < : t : ■.» • • " ■ . ■ - 
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Figure 1. I it-nenc ro.ciural re pre>e ma t ion of .V - .icy i a ted 
.-[■■r. i-ai;,.;,^ .ic.u ,r.i. ;r Jt : a^t-m.- 

riais. which formed microspheres, were highly complex, 
structurally uncharactenzed mixtures of thermally 
condensed a-ammu acids called protemoids. 4 Subse- 
quently, microsphere formation and oral delivery of 
salmon calcitonin m rats and primates was demon- 
strated by the use of structurally defined A'-acylated 
a-amino acids. ' These latter compounds were also 
shown to promote the oral delivery of both salmon 
calcitonin and interferon-u in rats and primates when 
dosed as an aqueous solution instead of a microsphere 
suspension.^ Herein is reported the successful oral 
delivery of rhGH in rats and primates from aqueous 
solutions using a seres of .V-acy lated. non-a-amino acids 
. ._ i _).„._._]-].- . . 

a> i i u \ e i ui li^ utrnvtri v d £ e i j l j> . 

Results and Discussion 

Synthetic Design. A family of oral drug delivery- 
agents has been prepared comprising 70 compounds 
genencally represented by the chemical formula shown 
in Figure 1 All of the compounds described herein are 
derivatives of either 4-ammobenzoic acid m = 0), 2-<4- 
aminophenyTacetic acid *n = 1*, 3- ( 4-aminophenyl )- 
propionic acid 1 n ~ 2 >. or 4-' 4-ammophenyl butyric acid 
'a = 3>. These compounds were designed as part of 
an effort to expand upon our earlier leads, which 
were .Y-acviated. a-ammo acids. Of the current com- 
pounds, 2 has been identified as a preclinical candidate 
'Table 1 >. 

Synthetic Procedures. The compounds listed in 
Table 1 were prepared by standard techniques 1 " lH m 
either aqueous or organic solvents. In general, aqueous 
reaction conditions included the dissolution of a non-a- 
amino acid in aqueous sodium hydroxide followed by the 
addition of the appropriate acid chloride After the 
mixture was stirred at room temperature for about 2 h. 
the product was isolated by precipitation from the 
acidified reaction mixture and punfied by recrystalli- 
zation. A representative process in an organic solvent 
was the dissolution of equimolar amounts of a non-a- 
ammo acid and triethylamine ;n tetrah ydrofuran. fol- 
lowed by the addition of a selected acid chloride .Alter 
about 4 h of stirnnt: at room temperature, the reaction 
mixture was quenched, and the product was purified 
by recry stalhzation. .All of the compounds reported 
herein were prepared by either of these two methods 
with the exception of compounds 15, 16. 21. 22. 31. 34. 
39. 40. 51. and 70 whose syntheses are described in the 
Kxpenmental Section 

Ix^ad Identification and Structure Activity Re- 
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an orally dosed solution of 2 300 mg leg and rhGH 
me, kg • and a colonically dosed solution of 2 - 25 mg^ 
and rnC.H 1 me kg The serum rhGH ^ncentration* 
are similar :or both routes ot udm.msi rat <n ,n ^p ; - ^ 
the sienif cantly lower doses of both deliver; aeen: t r..„ 
drug used in the colonic study. 

The data compiled from the rat :n i u t. studies 
reported in Table 2, suggest a number of interesting 
relationships between structure and activity Fur ex- 
ample, consider the homologous series ot cump< und- \ 
29 35. and 44 .An increase in the activities ot these 
delivery agents appears to correlate with an increase 
i from 0 to 3' in the length of the amide carbon chain. 
Figure 3 is a plot of the peak rhGH serum concentra- 
tions versus the log relative k\ as measured by chro- 
matography on an immobilized artificial membrane 
< LAM ' column. J ' The ability of this group of compound* 
to promote the absorption of rhGH increases with 
increasing carbon chain length 3nd. by implication, 

, .* r ~ r — r - — r -- ^.w^ ji oie 

molecule 

We have also identified a correlation between the 
electronic properties of diverse substituents at the ortho 
position of the amide aromatic ring and the efficiency 
of drug delivery. The data indicate a general trend 
toward improved activity for delivery agents bearing an 
electron-withdrawing ortho substituent. For example, 
22 <Y = 2-OCFi' is significantly more efficient «t 
promoting the absorption of rhGH than is 20 (Y * 
2-OCH.' i . For the various ortho-substituted compound*, 
1 <2-Hi. 8 -2-C1-. 9 2-F>, 13 '2-CH^, 20 <2-OCH.- 3 ), and 
22 1 2-OCF actmty increases with increasing ^ 
values- 'Figure 4 Two additional compounds m this 
series that do not follow this general trend are 2 (2- 
OH and 19 '2-NO:'. Delivery" agents 2 and 19 show 
greater and lesser activities, respectively, than predicted 
by the r values This finding is not unexpected because 
the greatest incidence of failures m the Hammett 
equation are encountered in correlations involving 
molecules bearing substituents capable of either accept- 
ing or donating an electron pair. : In this case, both 2 
and 19 have ortho substituents that are capable of 
hydrogen bonding Hydrogen bonding between the 
hydroxy! hydrogen and the amide carbony! :n 2 result* 
m the formation of a 6-membered ring The hydrogen 
bonding between the nitro oxygens and the NH of the 
amide bond m 19 also appear- to be a favorable 
interact ion 

In an effort to use an electronic parameter that 
accounts for the effects of hydrogen bonding. < values 
were substituted for the -r values of 2 and 19 This 
manipulation did not improve the correlation between 
the electronic activity and the in i no data of these two 
compounds. 

The effects of meta and nara substituents on the 
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showed 3 ^ to be at least 2 times more effective in 
promoting the gastrointestinal absorption of rhGH. even 
at a lower dose. This same trend is observed with 
intracolonic dosing of rats -Table 2* with aqueous 
solutions of rhGH - 1 mglcg> and either 20 or 39 25 mg 
kg- where 39 showed twice the activity of 20 

On the basis of the results of the rodent studies, 
delivery agent 2 was chosen as a preclinical candidate 
and used to demonstrate oral rhGH delivery in a 
pnmate model. The pharmacokinetic profile after oral 
dosing of four cynomolgus monkevs with aqueous solu- 
tions of 2 ( 800 mg"kg< and rhGH 6 mgltg v; a naso- 
gastric gavage is presented in Figure 5. 

Once 2 was identified as the most active delivery- 
agent in this series of compounds, the specific intramo- 
lecular hydrogen-bonding properties of this molecule 
and its relationship to drug delivery was more closelv 
studied Compounds 14. 30, and 31 were orpnared and 
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Figure 5. Pharmacokinetic profile following oral admimstra- 
., }n ,i'an aqueous solution of 2 -800 mgkg and rhGH - 6 mp 

r - -'' ( nscious cvnomolgus monkevs 
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Figure 6. ('umpanson of the intramolecular hvdrogen- 
vrn: " L ' ^Pab,ht;e^ of 2. 30. 31 ana 14 H> drogen bonding 
>: ' A,,, ' n ' m -' phenolic bvdmeen and the amide carbon vi occur- 
■uth a rS-niemnered ring m 2 The same interaction :n 30 
■''' : ' ilV ~ ^ ■ ■■r.frnhered ring The < u h<t 1 l u t inn of an amine 
-jrr amide :n 31 prr^ent.- the n> dr^vn- honding interaction 
' : - 1|MU ; !v i ThtJ -idditionai hydroxy! ;n 14 ailov^ f ()r :v w» 
m scalar nydr- t'rn-hnndint: interactions 

rrmng two 6-membered nngs via intramolecular hy- 
::,pen bonding by the interaction of one hvdroxvl 
-drogen with the amide carbony! and the other hy- 

- -xvl hydrogen wnh the amide nitrogen Coincidental 
it;on of these two hydrogen bonds would force the 
■ r tr.atic ring- >f 14 , — l - „ , ' 
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Figure 7. Correlation of log relative k' from LAM to peak 
>erum concentrations of rhGH after mtraculonic doling of -a^ 
with an amiMOM, solution of delivery agent at 25 mg kg and 
rhGH at 1 mg kg Compounds 2. 50. 56. and 62 comprise a 
homologous series in which the acid carbon chain length 
increases from 1 to 4. A correlation coefficient of U 98 was 
obtained from linear regression analysis 

for study were 50, 56, and 62. The observation that 2 
was significantly more active than 30 appeared to rule 
out the effectiveness of higher amide homologues. As 
expected, based on the previous observation that in- 
creased delivery agent Hpophihcity within a structural 
series leads to improved drug delivery Figure 3-. a 
similar relationship exists in the series 62. 56. 50, and 
2 in which the rhGH serum concentrations increase as 
the length of the acid carbon chain increases from 1-4 

1 Figure 7 >. 

Mechanistic Studies. The promising in l uo data 
generated significant speculation m our laboratories 
with regard to the mechanism of action of these novel 
protein delivery- agents, including classical penetration 
enhancement and'or enzyme inhibition. The latter was 
deemed unlikely based on our previous report on similar 
compounds in which the delivery agents were shown to 
be extremely inefficient inhibitors of proteolytic en- 
zymes. ; ■' 

In order to address the issue of the delivery agents 
acting as penetration enhancers and causing drug 
absorption as a result of alteration ;n membrane 
structure ■ i.e.. damage , histopathological studies wer^ 
conducted on rats dosed orally or intracolonicallv with 

2 Groups of five or six rats were given aqueous 
solutions of 2 at a dose of 300 mg'kg ■ oral • or 25 mg kg 
■colonic and sacrificed at 30. 60. and 120 mm poster- 
ing. Necropsy of the gastrointestinal tract that included 
the stomach, duodenum, jejunum, and ileum of each 
animal, followed by histological examination, indicated 
no untoward pathml^g-v Tk^, s( , i .... 
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Figure 8. Effect of varyinp 'he dose of delivery agent 2 on 
the delivery of rhGH 1 rag kg 1 in rats following intracolonic 
administration of 1 mLkg of dosing solution The squares 
repre>t-nt the response at a delivery agent do^e of 50 mg kg 
The circles represent r he' response at a delivery agent dose cA 
25 kg The inverted triangles represent the response at a 
delivery agent dose of 20 mg kg The upright triangles 
represent the response at a delivery agent dose of 10 mg kg 
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Fiffure 9, Ktfect >t varying dose volume on the deiner\ of 
rh» »H i mg kg m ra:> jsing delivery agent 2 25 mg kg The 
mangle:- represent the response following tntracolonic instil- 
lation of O 5 mlkg of dosing -oiution The circles represent 
'he re>p'»n>e following intracolonic instillation of 1 o mLkg 
>\ ]o>ing solution The squares represent the response foi- 
"wmt; s n t r a c< < i o n 1 c instillation of 1 5 m L k g ■ > f d ns i n g solution 

unoptimized dosing conditions Similar studies were 
carried out m which the dose of compound 2 was held 
constant at 25 mg kg and the dose of rhGH was varied 
over the range 6. 3. 1. 0.5. and 0.25 mg/kg. Under these 
dosing conditions, the minimum effective dose of rhGH 
was determined to be 0.5 mg'kg. 

To determine the effect of dose volume on rhGH 
delivery in the presence of 2 the doses of 2 and rhGH 
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increasing solute concentration at concentrations bel<^ 
saturation In this case, the more concentrated dosin 
solutions provide more favorable cund;t:uns for th 
intermuscular ass«;c:a:.wn .A rhGH A.;h 2 Theretor* 
one might postulate that some type of "complex" w f 
tween the protein and the delivery agent could b 
responsible for efficient drug absorption 

On the basis of this hypothesis, studies designed t 
identify techniques that would facilitate characterize 
tion of the interaction between 2 and rhGH and its roi* 
if any, in drug delivery were initiated. Many of in 
conventional spectroscopic techniques commonly use 
to study intermolecuiar interactions were found not : 
be applicable here because of interference from th 
delivery compounds at the wavelengths of interest c 
interaction with the specific probes designed to evaJuat 
intermolecuiar phenomena. However, preliminary dat 
from differential scanning calorimetry ■ DSC >, capillar 
zone electrophoresis <CZE), and molecular modelin 
experiments may prove useful m characterizing th 
nature of the interaction between the delivery agent an 
rhGH. Comprehensive studies using these technique 
are underway. 

Conclusion 

We have prepared a series of 70 A'-acylated, non-c 

amino acids and demonstrated their use in two specie 
as oral delivery agents for rhGH. Structure -activit 
analyses showed that increasing lipophihcity withi 
structurally related groups of compounds enhance 
their ability to promote protein absorption from th 
gastrointestinal tract in a rat model. The effects . 
substituents in the aromatic amide portion of ihes 
compounds with varying electronic properties were als 
examined, and electron withdrawing substituents at th 
ortho position were found to be the most efficaciou: 
Preliminary mechanistic studies suggest that the foi 
mation of a drug/delivery agent complex is necessar 
to achieve oral drug delivery. Future studies will i 
focused on characterizing the mechanism by which their 
materials promote protein absorption following or 
administration. 

Experimental Section 

Chemistry. NMK spectra w»>re r»-c .rded r 'oo MHz 
either D : < > or DMS(.)-<i,. Combustion analyses were perform* 
hv Microlu Laboratories. Madison. N-J. and ar»- Aithin accef 
anle limit.- <' H. N - 0 Vr • Thin layer :hroma;ogTaphy w 
performed using rJ Merck Kieselgei ho F ■ 2'.A plates Re^ 
lions were monitored hy high-pressure liquid jhromatograpf 
on a V\dac Jo ■ 4 H mm Protein and P*-p:;.ie uurr. n u.-;r. t 
gradient of 'J acetonitnle in water w:ir. 11 \ tnfluor 
acetic acid Melting points were performed using a Mel-Ten 
II from Laboratory Devices 

General Procedures for the Preparations of Delivei 
Agents. Wuh the exception of 18, 27 31 and 34. one of t: 
following thr ij e procedures was used to prepare 'ne compuiin 
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^ K - md Thr -ci;d '*as filtered, washed with 1 M hydro- 
". r-, .n. id 3 ■ 1'iu mL and water 10*) ml . and air-dried 
A 1. 1 ); v.'C ;r. •">«.;] inj jc»'i.,n»' ca ~n n » :i,L , Jrcmur;zt"j 
_ . ' I j ir:."! :tered W.iv- ! " [. a..^ 

, Jf .j trie nitrate to induce trie formation ot a Drown oil 
:: ,: - .;p. m -lirrr.j ,it room temperature fur 

, r ,,r, The crude soi;d a as collected nv filtration and 
^ r .,,:.i,!;:ra :rom met hanol- a ater \ \ to arlord 2 as a 

\ r ,m.d 35 I g. 4W'; mp 1 5y - 163 C. H NMR 30o MHz. 
\l-o^ > 7 7 4 ■ 1 H dd . 7 3* 2H.d.7 2l 3H. m 6 67 1H 
„ o -.7 2H. : 2 07 2H. t . 1 71 2H m . Anal 

:'or<' -H -N< h ',' ^ 22 H. 5 72. N 4 6> Found 
^ jg H. 5 hO. N. 4 60 

" impounds 1 3 6 10 14 23 26 28- 30 33 41 -43 47 

^ 50 5 5 5 7 61. and 63 67 were prepared by this process 
Method B. Preparation of 2. A 2 L three neck round 
attorn flask was fitted with a magnetic stirrer and two 
i( jdin°n runnels under an argon atmosphere A suspension 
)( -4- 4-aminophenyI butyric acid ■ 50.0 g, 0.28 mol. 1.17 equiv . 
n ethvl acetate 1 700 mL^ was added to the flask A solution 
acetyisalicyloyi chloride 55.60 g, 0 28 mol. 1.00 equiv t m 
..n-.l acetate 250 mL was charged to one of the addition 
.^ r . and added dropwise over 1 h. Tnethylamine '28 20 
, . js :n i ) i , 1 . 00 eq u l v ■ w a-s s u bseq ue n 1 1 y < \h arged Uj the ji>co n d 
■■.r.m'. and added dropwise over 15 min The reaction mixture 
^j, stirred at ambient temperature for 3 h, and the solvent 
Ai < evaporated in vacuo. giving a residual brown oil Water 
n( > mL was added to the residue followed by sodium 
?v droxjde '2 M. 500 mLv and the mixture was stirred at 
imbient temperature for 3 h The resultant brown solution 
^ acidified with 2 M hydrochloric acid ca 1 L> After the 
fixture was cooled m an ice bath for 1 h, a yellow solid formed 
in d was collected by filtration. The solid was washed with 
»3ter 3 ■ 1.5 L' and recrystalhzed from 50^ ethanol - water 
*v to give 2 as a tan solid 56 60 g. 68'7 <: mp 167- 170 (\ 
M NMR see method A< Anal. Calcd for C H-NO,. C. 
- 22: H. 5 72: N, 4 68 Found <7, 67 87. H. 5 *v5 N 4 69 

Compounds 7 9 11 13 17 20 28 32 35 -38. 44 46 49 
52-54. 56. 62, and 68-69 were prepared by this process. 

Method C. Preparation of 2. A 2 L round bottom flask 
-quipped with a magnetic stirrer and a reflux condenser was 
-.-wged with a suspension of 4- 4-aminophenyl 'butyric acid 

<> g. 0 28 mol. 1.17 equiv in dichloromethane 560 mL 
'hi-irotnmethyisilane 62 36 g. 0 57 mol. 2 05 equiv was 
icc.t"i :t: portion, and the mixture was heated to reflux 
..r 1 h under argon The reaction mixture was allowed to cool 
-.u room temperature and was placed in an ice bath 1 internal 
fmpt-rature * 10 (V The reflux condenser was replaced with 
id addit;.mal funnel containing t net h via mine 42 50 g. 0 42 
•no!. 1 5o equiv > The tnethylamine was added dropwise over 
A rrm and a vellow solid formed during the addition The 
-nrie: -a as replaced by another addition funnel containing a 
-■iut:« -n >f O-acetyl-alicv mvi ehionde 55 60 g, 0 28 mol. 1 iM) 
-j',:-. ;n dichloromethane loernL' The sol ut ion w as. added 
:- over in mir. The reaction was stirred in the ice hath 

r another 3o mm and at ambient temperature tor 1 h The 
:rniorom ethane was ->\aporated : n ■ acu<> to give a brown >i) 
~.e brown oil was cx.ied in an ice hath, and an ice-cold 
■ n >l 2 M ->dium hydroxide 70O mL was added The 
^ bath was remold, and the reaction mixture was stirred 
r 2 h to afford J clear brown solution The solution was 
K-dified with 2 M sulfunc acid 40O mL - and stored 3t ca 5 
[ for 1 h A vellow solid formed and was collected bv 
■ TatKjn The solid wa> wa.-ned with water 3 • inn ml. and 
rwaihzed from 5n' . -'thanol water \ v*,> iff.H 2 t - • 
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1 ' '»2 V mm was added ft) 11 owed b\ concentrated n^arochlor:c 
acia n 5 ml. The reaction mixture was heated *o retTax 
under nitrogen for 12 n and 'hen ciwned to amr-ient temper- 

and the mixture stirred for 4 h The reaction was quenched 
:<;. the jJdu.ur, i[ :oncentrated n>ar<>chjoric acid mL ano 
the methan*jj was evaporated in ■ cn-un The residue w 
purified by column chromatoifrapn> 4'", ^thyi acetate he\- 
anes on silica gei to afford 34 as a colorless -olid 1 4 *j. 1^' - 
mp 55 -5> (\ H NMR 300 MHz. DMSO-j, ^ 7 3 7 4 m. 
3H . 7 2 .m. 1H 6 .* >d. 2H . 6 5 d. 2H . 6 1 s. 1 H . \ 2 s. 
2H .2 4 t. 2H . 2 2-t. 2H-. 1 7 q. JH .\nai » aicd lor <7 -H 
NO; l\ 75 79. H. 7 12, N 5 18 Found C. 75 55. H. 7 4H \\ 
4 70. 

Compound 31 was prepared by this process 
Preparation of 70. A ">00 mL round bottom :1a.- k equipped 
with a magnetic stirrer and a reflux condenser was charged 
with cyclohexane butyric acid 1 17.0 g. 0.10 mol and chloroform 
'200 mL-. A'-Hydrox> succinamide 1 1 2 7 g, 0 1 1 mol and A'A'- 
dicyclohexyicarbodnmide <22.7 g, 0.11 mol t were added, and 
the mixture was stirred at ambient temperature for 12 h A 
white precipitate formed and was removed bv nitration 
Glacial acetic ,ir\n ' mL was added lu the nitrate and stirred 
for 3 h. The solution was washed with saturated sodium 
bicarbonate 2 < 100 mL) and water -2 < 100 mL/. The 
combined aqueous extracts were back-extracted with chloro- 
form ( 50 mL 1 The combined chloroform extracts were dried 
over anhydrous magnesium sulfate, filtered, and evaporated. 
The residue was dissolved in a solution of methyl 4-aminoben- 
zoate - 15 2 g. 0.10 mol 1 . 2 M sodium hydroxide 30 mL . and 
methanol 60 mL>. The resulting mixture was heated to reflux 
for 4 h, cooled in an ice bath, and acidified to pH 1 with 1 M 
hydrochloric acid A white solid formed, was collected bv 
filtrat ion. and was washed with petroleum ether Recrvstai- 
lization from 5o<; methanol - water v v gave 70 as colorless 
crystals 22 9 g. 79'"^: mp 240-242 C. H NMR 300 MHz. 
alkaline D.O o 7 7 d. 2H . "7 3 d. 2H . 2 1 M. 2H . 1 4 m 
7H>, 10 m. 6H'. 0 7 m. 2H ■ Anal 
NO-1 5HjO C. 60 34. H. 7.38, N. 4.13 
6.M. N. 4.00 

Animal Experiments. All animal experimental proce- 
dures and protocols were approved in advance bv the Fm,- 
sphere Institutional Animal Care and L*>e C ommittee Maie 
Sprague - Daw ;e> rat- weighing 225 - _5n £ were used to 
demonstrate the delivery of rhGH Each experiment wa.- 
performed on a trroup of six or seven rats The rats were 
housed under standard conditions with free access tu water 
for 24 h prior to the study All of the rats ;n these studies 
were anesthetized with 44 mg ketamine md 1 mu T kj 
thorazme immediately prior to dnsint The rat.- were admin- 

, stereo the do>i ng solutions b> or i. gavage .r .rtric nic 

instillation. rh< \W serum concentrations wre measured '.v 
an ELI>A as>a\ for reeon:ro riant human growth ri- ,r:n< 
from Medix Biotech Inc. Foster <'ir. « A The lata 
r»-pnrted as mean - standard error H g*. \>-r> 

periormed r.\ Pharmaco LSR. East Millstone. N-f Recombi- 
nant human growth hormone rh<iH was a g^f: fr -r.\ Y.\\ \^\'.\ . 
Indianapolis [\ 

General Protocol for Rat Experiments. The oil, w ng 
protocol is a general descnption of the rat ►■xperments 
performed as part of these studies The orai dosing >f rmiH 
with 2 s given as a representative example An m» >H ^innL' 

solution Aas prepared r>\ d i >solv i n g c~m v ■■ u nd 2 ■■ \ nc--n 



Caicd for C.-H : - 
Found. C. 60 3". H. 



* t M 
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centntujea 



the -t-runi *o.- 



y, 



.}9 Si 



1 i 



,t !ur in - i min. and 
harvested ina frozen until 



(ienerai Protocol for Primate Kxperi men t s. f u e ' ■■!- 
:r.tr pr«r, •.<•.■>; > a jer.erai ie~ *r pnnr. >i ;ne pnmate fxper:- 

^n,u[;.,n 'a.i> prepared m ais.->o\ com pound 2 a; a ainicr.- 
:r.r, .-.-r. >( >' " • nit; nil, .n v\ater and anju.-i.intr the p hi jI :r.e 
-oiul.'-r, *.< T J ^ 'Aith jqucou.- -odium hvdroxide 1 t N 
rh<iH a-.is ada*-c :<> ibtain a final concentration of 2 J mtr 
mL Monkey- were Jiwn 2 7 mLk^ .it' thi- rhGH dosing 
.Mixtion The " :al i-.-e >!' rr:C H was n rr.*: k*: ano the :-ta! 
dose ->f'2 was *"<) mt: k*i Three cvnnrriolg"us monkeys wei^h- 
:ng o 4 ki. 1 -vere a.-ed The monkey-, -vere :'a-ied overnight, 
ane.-the.-ized .vitn \fianijnt'. placed :n cha^r-. and allowed to 
regain consciousness r>eh>re do-int: Conscious monkeys re- 
ceived a solution ol' rmiH and 2 r>\ nasogastric gavaef. and 
blood sample- were collected from the saphenous vein Blood 
sample- were collected at 1 and 0 5 h before dosing and 0 17, 
0 d3. i) 5, 0 67. 0 s3. 1. 1 .5. 2. 3, and 6 b after dosing The 
samples were allowed to clot at 25 'C for 30-60 min and 
centnfuged. and the serum was harvested and frozen until 
a.--a\ A;i the -ampie- were analyzed in HI. ISA for the 
determ.natiun ot'rmiH -fmni c- -ncf r.Lratiun.;. 
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I. Basis of the report 



under Artidc 1 4 an njcmd to in this rrport as "originally filed" and an not annexed to the report since they do not contain amendments) : 
| | the international application as originally filed. 



| X] the description, pages 1-54 



pages NONE 



pages NONE 
pages 



, as originally filed. 
, filed with the demand 
, filed with the letter of . 
, filed with the letter of 



0 



the claims. 



Nos. 
Nos. 
Nos. 
Nos. 
Nos. 



NONE 



NONE 



NON E 



1-35 



as originally filed. 

as amended under Article 19 

filed with the demand. 
, filed with the letter of 05 October 1999 
, filed with the letter of __ 



the drawings, sheets/frg 1-2 



sheets/fig NONE 



sheets/ftg NONE 
sheets/fig 



, as originally filed. 
, filed with the demand. 
, filed with the letter of 
, filed with the letter of 



2. The amendments have resulted in the cancellation of: 

| x| the description, pages NQNE 

| x| me claims, 



Nos. 



36-37 



[~x] the drawings, sheets/fig NQNE 



3. 



□ 



This report has been established as if (seme of) the amendments had not been made, since they have been considered 
to go beyond the disclosure as filed, as indicated in the Supp l emental Box Additional observations below (Rule 70.2(c)). 



4. Additional observations, if necessary: 
NONE 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement ^ 



1. STATEMENT 
Novelty (N) 



Inventive Step (IS) 



Claims (Please Sec supplemental sheet) 



Claims (Please Sec supplemental sheet) 



Claims (Please Sec supplemental sheet) 



Claims (Please Sec supplemental sheet) 



YES 
NO 

YES 
NO 



Industrial Applicability (IA) 



Claims (Please Sec supplemental sheet) 



Claims (Please Sec supplemental sheet) 



YES 
NO 



2. CITATIONS AND EXPLANATIONS 

Claims 1-5, 7, 8, 12-14, 19-20, 22-23, 26, 29-31 lack novelty under PCT Article 33(2) as being anticipated by Liu et al 
(Analytical Chemistry, 1995). 

Liu et al tach a method of predicting drug membrane interactions by HPLC using immobilized artificial membranes 
(IAMs). Liu et al specifically teach the use of three different IAMs with control compounds as a predictive measure for 
compounds ability to partition into liposome*, or to predict intestinal transport (see the abstract, Figure 2 and column 1 - col. 

2, line 9 of page 3554). The method requires the comparison of values for the control compounds (training compounds) with 
those for the compound whose properties arc to be accessed. As the numerical values are calculated for plotting as in figure 2 
Liu et al anticipates claim 2. As the method uses IAMs in columns for HPLC analysis and the observed retention time, claims 

3, 5, 7 and 12 are anticipated (see the experimental section under "Chromatography"). As one of the I AM columns is 
IAM.PC.DD which has phosphatidyl choline immobilized claim 4 is anticipated. AS the same series of compounds is used as 
control standards with all three I AM columns in the examples the numerical values of T and C would be "normalized" against 
a common reference standard as required by claim 8. As the IAM.PC columns utilized have three lipids linked: PC, an end 
capped CIO and an end capped C3 (see Chart 1 page 3551), they anticipate claim 13 and 14. Liu et al also set forth compounds 
reading on those in claim 29-30 (see chart 1 on page 3351). 

Claims 15-18 and 24 lack an inventive step under PCT Article 33(3) as being obvious over Liu et al. 

See the teachings of Liu et al set forth above. The reference does not explicitly set forth the use of a computer for 
comparing the numerical values as required in claims 15-18 or the use of substantially equimolar amounts of the compounds 
with biological properties. 

It would have been prima facia obvious to one of ordinary skill in the art at the time the invention was made to 
utilize a programmable computer to calculate, compare and display the data derived from the use of each of the I AM 
columns in the method of (Continued on Supplemental Sheet.) 
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Supplemental Box 

(To be used when the space in any of the preceding boxes is not sufficient) 



Continuation of: Boxes I - VIII 



Sheet 10 



V. 1. REASONED STATEMENTS: 

The report as to Novelty was positive (YES) with respect to claims 6, 9-11. 15-18, 21. 24-25, 27-28 and 32-35. 
The report as to Novelty was negative (NO) with respect to claims 1-5, 7, 8, 12-14, 19-20, 22-23, 26 and 29-31. 
The report as to Inventive Step was positive (YES) with respect to claims 6, 9-11, 21, 25. 27-28 and 32-35. 
The report as to Inventive Step was negative (NO) with respect to claims 1-5, 7, 8, 12-20, 22-24, 26 and 29-31. 
The report as to Industrial Applicability was positive (YES) with respect to claims 1-35. 
The report as to Industrial Applicability was negative (NO) with respect to claims NONE. 

V. 2. REASONED STATEMENTS - CITATIONS AND EXPLANATIONS (Continued): 

Liu et al because a programmable computer would allow one to more quickly and efficiently collect, analyze, save, compare 
and display data on numerous compounds. One of ordinary skill in the art would have been motivated to use a computer in 
the method in view of the art recognized advantages of using a computer to handle data as set forth above. One of ordinary 
skill in the art would have reasonably expected to be successful in doing so because numerous programs for manipulating data 
are commercially available. Moreover, one of ordinary skill in the art would have been motivated to use compounds at 
substantially equimolar amounts in order for them to be detected by the HPLC simultaneously. 

Claim? 6, 9-11, 21, 25, 27-28 and 32-35 meet the criteria set out in PCT Article 33(2)-(3), because the prior art does not 
teach or fairly suggest the inventions of the instant claims. 

Claims 1-35 meet the criteria set out in PCT Article 33(4), for industrial applicability. 

Applicants assert that the instant claims are novel over Liu et al as the reference is directed toward in vitro 
screening and that Liu et al teach nothing about using data sets from multiple mimetic surfaces for predicting the biological 
properties of compounds. 

Applicant's arguments have been considered but are not found persuasive. The first argument is not found persuasive 
because the entire disclosure of the Liu et al reference is directed to establishing the properties with respect to artificial 
membranes that mimic biological membranes and their properties. The second argument is not found persuasive because the 
Liu et al reference teach using multiple different types of I AM surfaces and with drugs and in the conclusion discusses using 
different I AM surfaces to predict drug membrane interactions. Therefore, the objection is maintained for the reasons above 
and for the reasons of record. 



NEW CITATIONS 

LIU et al. Predicting Drug-Membrane interactions by HPLC: Structural requirements of chromatographic surfaces. Analytical 
Chemistry. 01 October 1995, Vol. 67, No. 19, pages 3550-3557, see entire document, 
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The measurement of multiple membrane affinities of test compounds, methods and compositions useful for acquiring data characteristic 
of such affinities, and a method and system for using such data alone or in combination with other molecular descriptors for the prediction of 
biological activity are described. The numerical values characteristic of biologically relevant interaction of test compounds with membrane 
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DRUG DISCOVERY USING MULTIPLE MEMBRANE MIMETIC AFFINITIES 
Field of the Invention 



particularly, the present invention is directed to the measurement of multiple 
membrane affinities of test compounds, methods and compositions useful for acquiring 
data characteristic of such affinities, and a method and system for using such data 
alone or in combination with other molecular descriptors for the prediction of 
10 biological activity. 

Background and Summary of the Invention 



definition of screening methods capable of identifying drug leads. The goal of such 
15 efforts is to define efficient methodologies for predicting biological activity in vivo by 
using empirically definable (or calculatable) descriptors to predict biological activity 
without the time investment and expense in costly animal studies. For many years 
most drug screening methods were based on conventional biological activity assays. 
More recently assays have been developed that predict cell membrane transport 
20 properties of test compounds. Generally drug leads are generated by comparing 

biological and physical properties of test compounds with known compounds having 
recognized biological activity in vivo. There is a significant body of literature directed 
to prediction of biological activities based on comparison of physical chemical and 
biological descriptors and the use of pattern recognition analysis of such descriptors as 
25 part of drug screening protocols. 

The present invention is directed to a method of screening test 
compounds for probable biological properties based principally on correlation of 
numerical values characteristic of their interaction with two or more membrane 
mimetic surfaces with corresponding values for control compounds of known 

properties and/or biological activities The membrane binding properties of test 
compounds can be calculated, or they can be determined empirically with use of, for 



This invention relates to prediction of biological properties. More 



There has been much research and development effort directed to the 
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example, liposomes, immobilized artificial membranes, such as those described in U.S. 
Patent 4,93 1,498, the disclosure of which is incorporated herein by reference, 
Langmuir Blodget films, computer chips or similar devices with immobilized lipids, 
capillary zone electrophoresis columns coated with membrane lipids, and the like. 



pattern match membrane interaction values of test compounds with control compounds 
to predict biological properties. The pattern matching protocol can be applied to data 
sets containing only values characteristic of multiple membrane interactions, or such 
data sets can include other biologically significant molecular descriptors such as 
10 molecular surface area, molecular weight, dipole moment, octanol-water partition 

coefficients, molecular volume, membrane diffusion coefficients, metabolism rates, cell 
efflux rates, etc. 



compounds and control compounds for use in accordance with this invention using 
15 immobilized artificial membrane chromatographic substrates in high pressure liquid 
chromatographic systems using aqueous mobile phases. Data relevant to the 
thermodynamics and kinetics of compound/membrane interaction is reflected in 
retention time and peak width, respectively. All data are preferably normalized relative 
to a standard compound or a set of compounds, for example, a set of compounds 
20 having a common biological activity or function. 



protected phospholipids useful for preparing immobilized artificial membrane 
structures useful for acquiring membrane interaction data They are prepared by novel 
high yielding transphosphitidylation of phosphatidylcholine derivatives using 
25 phospholipase D in the presence of protected alcohols 

Brief Descriptio n of the Drawings 



5 



In one embodiment of this invention vector calculus is utilized to 



In another embodiment, membrane binding data are obtained for test 



This invention also provides novel carboxyl-functional, head group- 



Fig. 1 is a 3-dimensional vector plot of membrane affinity data for 



compounds known to act at dopamine receptors 
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Detailed Description of th e Invention 

In accordance with this invention in vitro membrane binding model was 
established to predict biological activity of compounds independent of both receptor 
binding assays and in vivo experiments. The membrane binding model was developed 
5 based on measurement of membrane binding constants of biologically active 

compounds on membrane mimetic surfaces. Collectively, the membrane binding data 
demonstrate that compounds within therapeutic classes exhibit similar binding profiles 
on amphiphilic/membrane mimetic surfaces and concomitantly similar tendencies to 
distribute into tissue lipid pools where activity is elicited. 

10 Lipid heterogeneity in cell membranes functions to regulate the 

distribution and activity of many dnjgs. A drug compound with affinity for a particular 
lipid will accumulate in lipid pools enriched with that lipid. Examples include 
vinblastin and chlorpromazine which accumulate in the inner leaflet of plasma 
membranes because phosphatidyl serine (PS) and phosphatidyl inositol (PI) are 

15 enriched on the cytoplasmic side of cells. Drug-lipid interactions have been used to 
explain biological activity, the volume of distribution of drugs, drug binding to 
membrane receptors, and drug conformation in membranes. Boundary lipids near 
membrane receptors can play a key role in sequestering compounds and presenting 
membrane associated compounds to the receptor, or they can participate directly in 

20 regulating receptor function. Although such may not be true for all membrane 
receptors, it has been documented for several receptors. The results from the 
experimental work upon which this invention is based demonstrates that compounds 
with similar biological activity exhibit similar membrane binding properties. 

Due to chemically precise ligand-receptor binding criteria, the drug 

25 discovery process traditionally focused on the structure of compounds as the dominant 
factor governing biological activity. However, it has now been observed that 
structurally diverse compounds within a given therapeutic class exhibit similar 
membrane binding properties indicates a cooperative role between the receptor and its 
rid in rent pv^n^vin.: T,< " * l " • * 1 ' " ■ ' ,r ' 1 ' ■ 

.umpounu lu chat d given bioiogicai activity ^mce both the receptor and its 
surrounding membranes contribute to a compound eliciting a particular biological 



WO 99/10522 



PCT/US98/17398 



-4- 

activity, receptor binding assays used in conjunction with the present in vitro 
membrane binding model provides a synergistic approach to screening potential 

therapeutic compounds. 

In accordance with one embodiment of the present invention, a method 
5 of screening test compounds for probable biological properties is provided. The 
method comprises the steps of identifying two or more membrane mimetic surfaces 
each having a unique amphiphilic composition. A set of control compounds is selected 
for comparison purposes. Each control compound has a known biological property, 
for example, a biological activity or interaction with a known receptor type. 

1 0 The control compounds can have a common property, or they can be 

selected to represent widely variant biological properties. For each control compound 
there is defined an ordered set of numerical values characterizing a biologically 
relevant interaction {e.g., affinity) of that compound with each of the selected 
membrane mimetic surfaces. The ordered set of numerical values for each control 

15 compound or each set of control compounds (i.e., a "training set" as described below) 
can be represented by the expression (C,, C 2 C n > wherein n is the number of 
membrane mimetic surfaces identified and used in the screening method. A similar 
ordered set of numerical values <T l9 T 2 T n ) for each test compound characteristic of 
its biologically relevant interaction with each of the respective membrane mimetic 

20 surfaces is determined. The set of numerical values for the test compound is then 
compared with the sets of respective values for the control compounds, and the 
biological properties of those control compound having ordered sets of numerical 
values best matching the respective numerical values in the ordered set of values for 
the test compound is identified. The values C b C : C n and T b T 2 T n can be 

25 determined by computer calculations or empirically by any one or more of a wide 
variety of art-recognized techniques for evaluating membrane interactions. 

In one embodiment of this invention the numerical values characteristic 
of membrane affinity are determined chromatographically using an aqueous mobile 



Patent 4,93 1,498, expressly incorporated herein by reference. The term "membrane 
mimetic surface" as used in describing and defining the present invention refers to any 
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surface bearing immobilized amphiphilic molecules (i.e., those having both lipophilic 
and hydrophilic portions capable of exhibiting some selective affinity for or otherwise 
interacting with a solute (e.g., a test or control compound) in a fluid phase in contact 
with the surface. The term is intended to encompass a broad scope of commercially 
5 available stationary phases detailed for use chromatographic applications. Preferred 
membrane mimetic surfaces are those described in the above-incorporated U.S. Patent 
No. 4,931,498. 

Thus, in application of one embodiment of this invention membrane 
binding properties of a test compound of unknown biological activity are compared to 

10 the membrane binding properties of compounds having known in vivo biological 
activity to assess the probability that the test compound will exhibit one or more 
biological activities /'/; vivo. The analysis is made by pattern matching membrane 
binding constants measured on immobilized artificial membrane columns in a high 
performance liquid chromatography system. Two or more immobilized artificial 

15 membrane chromatographic columns are used. Each test compound is injected and 
chromatographed on each column and the peak width and the peak time of the test 
compound is recorded and normalized to an internal or external standard. Thus 
experimentally measured selectivity values (a k . = k'/k' standard) and normalized 
standard deviations (cc*^ o/astandard) were calculated for both the test compounds 

20 and compounds of known biological properties. Pattern matching using vector 

calculus, multivariate analysis or principal component analysis of the ak' and a sd values 
of the test compound and the control compounds allows comparison of the membrane 
binding properties of the test compounds and each of the control compounds or, if the 
control compounds all have a common biological activity/property, average or mean 

25 membrane binding values of the set of control compounds for each membrane surface. 

Important criteria for optimum implementation of the use of 
immobilized artificial membrane substrates for providing reliable values characteristic 
of membrane interaction include use of a stable membrane mimetic surface, preferably 



cnanges in measurements using the membrane surface from day-to-day and also lot-to- 
lot variation inherent in membrane mimetic preparations 
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The external standard should be stable, it should be soluble in the 
aqueous mobile phase (typically organic phase modified), and it should have a 



reasonable retention time using said mobile phase and a high UV extinction coefficient. 
The external standard is typically injected in the HPLC/IAM system frequently to 
5 reflect temporal fluctuation in retention time. Normalization of the data eliminates 
variation among synthetic lots and from column deterioration and other factors that 
can cause temporal variability in retention times and peak width One external 
standard which has been found to give good results when the mobile phase is 85% 
0.0 1M PBS (pH 7.4)/15% acetyl nitrile is 4-methyl anisole. In one embodiment one or 
10 more sets of compounds, the members of each set having a common biological activity 
or function, are combined with one or more test compounds and loaded as a mixture 
onto a liquid chromatograph-mass spectrometer system to provide a direct comparison 
of binding properties of test and control compounds in that chromatographic system. 



15 with the formula k' = (t r - t 0 )/t 0 wherein t r is the retention time and t 0 is the dead time 
obtained from each injection; however, t 0 in the denominator was obtained by 
averaging the experimentally determined t 0 from all injections for each day the data are 
collected. 



20 provides data characteristic of both equilibrium binding to the respective membrane 
mimetic surface (k' values) and the kinetics of mass transfer between the immobilized 
artificial membrane surface and the mobile phase {i.e. b values). Similar to all 



compound is eliminated, for pattern matching purposes, by normalizing k* and 6 values 
to an internal or external standard compound chromatographed on each immobilized 
artificial membrane column Thus k' and 8 values for the test compounds are each 



Membrane binding constants (k 1 values) are calculated in accordance 



The use of chromatography on immobilized artificial membranes 



25 



chromatographv columns, columns utilizing immobilized artificial membranes exhibit 
column-to-column and lot-to-lot variation This unavoidable variation in the 
experimentally determined k* and 6 values for each test compound and each control 



dciiuies wie seiectiviu o 



u'tne immobilized artmciai membrane chromatographic surface 
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for molecular recognition of the analyte; a is a thermodynamic property and 
corresponds to a ratio of membrane partition coefficients. 

The values T ls T 2 , T n (a k . or a^) for each test compound and the 
corresponding values C 1( C 2 , C n for each control compound can be conveniently 
5 stored in any database management system for subsequent retrieval and analysis The 
comparison of the set of numerical values for each test compound with the sets of 
respective values or the control compounds can be carried out using any of a wide 
variety of mathematical analytical techniques. 

In one embodiment of this invention the comparison is accomplished by 

10 multidimensional vector analysis of the data wherein the ordered set of numerical 
values for each test compound is compared to those corresponding values tor each 
control compound, or, where the control compounds are all selected to have a 
common biological activity or biological function, an average or mean values for the 
selected set of control compounds. Thus, in one embodiment the control compounds 

15 best matching the values for the test compounds are those for which the angle 0 in the 
formula cosine 0 = (T 1 C 1 + T 2 C 2 + . . . T^J/O? + T 2 2 + . . .T n 2 )'/ 2 (C^ + C 2 2 . . 
.C n 2 )V2 is less than about 20°. The best match of membrane binding patterns between 
the test compound and the control compounds is that where the angle 0 in the above 
formula is a minimum. Where the number of membrane surfaces used in the method is 

20 two or three, each ordered set of numerical values for the test compound and the 

values for each respective control compound can be displayed graphically as a vector 
in a 2- or 3 -dimensional coordinate system, respectively, to facilitate comparison of the 
numerical values of the test compound with those of the control compounds. 

In one embodiment the test compound data are displayed as a uniquely 

25 discernible vector quantity, i.e., in a color different than the control compounds. 
Where the control compounds comprise a set of compounds having a predefined 
biological property, the numerical values for each member of said set of control 
compounds can be displayed as vector quantities uniquely discernible as a member of 

a predefined biological property can be mathematically manipulated to define a mean 
or average membrane interaction value for each membrane species The mean or 
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average vector quantities calculated for the set of control compounds can be used in 
the above-described pattern matching analysis or they can be displayed graphically as 
uniquely discernible vector quantities with those of one or more test compounds. 

Thus, in one embodiment of this invention the membrane binding 
5 properties of six hallucinogens were measured on immobilized artificial membranes 
(IAMs) prepared from phosphatidylcholine (IAM.PC), phosphatidylserine (IAM.PS), 
phosphatidylethanolamine (IAM.PE), and sphingomyelin (IAM.SM). Mean vectors 
were calculated for several therapeutic classes of compounds. The calculated mean 
vector (i.e., the average vector representing a group of compounds with similar 
10 biological activity) is shown in Table 1 for hallucinogenic compounds. 
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TABLE 1 

Membrane binding properties of hallucinogens 
constitute a training set for analysis 



Compound 


IAM.PC 


IAM.PE 


IAM.PS 


1AM.SM 


n-acetvlmescaline 


0.706 


1.323 


0.736 


1.051 


psilocin 


4.656 


4 818 


4 941 


7.532 


(R)-2, 5-dimethoxy-4- 
iodoamphetamine mescaline 


55.53 


29.76 


260.200 


53.41 


2,5-dimethoxy-4- 
bromoamphet amine 


15.260 


20.950 


143.400 


20.970 


mescaline 


1.476 


2.134 


12.280 


2.074 


p-iodoamphetamine 


24.880 


33.660 


258.100 


32.410 


mean membrane binding 
properties (Mean vector) 


17.085 


5.441 


113.276 


19.574 



As shown in the last row of Table 1, the average vector representing 
the membrane binding properties of hallucinogenic compounds is {17.08 5.441 

20 1 13.276 19.574} which corresponds to the membrane binding properties on 

{IAM.PC, IAM.PE, IAM.PS, IAM.SM}. The average vector of several other training 
(control) sets were calculated as shown for hallucinogens in Table 2. The goal is to 
compare the membrane binding constants of an unknown compound to the average 
vectors representing each class. As shown in Table 2, when the angle between an 

25 unknown compound (i.e., 3,4-methylendioxyamphetamine (MDA) in this example) 

was calculated relative to the average vector for each therapeutic class of compounds, 
the closest match was hallucinogens and the closest receptor match was serotonin. 
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TABLE 2. 

Comparison ofMDA to the mean membrane binding 
properties of compounds within different therapeutic classes 



Activity 


Angle 


hallucinogens 


2. DO 


antihypertensive 


2.770 


anorexic 




stimulants 


1 5.27 


serotonin* 


23.26 


antidepressant 




antiparkinson 


44.20 


anxiolytics 


48.16 


dopamine* 


49.33 


antipsychotic 


49.90 


y-amino butyric acid* 


57.87 


opioid 


60.46 


sedative-hvpnotics 


61.89 


anticonvulsant 


63.13 



20 * receptor class. 



These matches indicate that the test compound may have biological properties similar 
to hallucinogenic compounds and may act at serotonin receptors, which is indeed the 
case of MDA. 

25 In one embodiment of this invention membrane binding constants are measured 

by injecting the drugs into high performance liquid chromatographs (HPLC) using 
immobilized artificial membrane (IAM) columns using the following TAM stationary 
phases: 

30 ra ^AM.PC cl0C \ "'"lAM.PE 010 '' 03 , ^AM.PS 0100 , and MtCT lAM.SM c,0/c3 



used lu caicuidLc l;ic jjpaui> iacior. k . oi the compound for the 1AM surface 
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Capacity factors are proportional to equilibrium membrane binding constants K 
according to 



k' = 0K 

5 

where 0 is the phase ratio of the column. Effectively, the set of average k' values for a 
group of compounds with similar biological function constitute a membrane affinity 
fingerprint (MAF*) of the biological function. Thus MAP denotes a mean vector 
whereby the vector components are average membrane binding constants for a group 
10 of compounds (a training set) with similar biological activity or functionality, e.g., oral 



Establishing Training Sets 

The term "training set," as used to describe and claim this invention, is a set of 
15 compounds of common biological properties used to define/calculate an MAF M value 
for that biological property Normally distributed membrane/membrane mimetic 
binding affinities in N-dimensional space occur when bivariate log plots of ak' (i.e. PC 
vs PE, PC vs PS, etc.) have an ellipsoidal shape. The ellipse shape indicates that the 
affinity data for a given set of compounds having a known clinical efficacy or function 
20 are normally distributed in 2 dimensional space. In the case when a compound falls 
outside of the 0.95 quartile (3 standard deviations from the mean), it is considered to 
be an outlier. Deletion of outliers increases the ellipticity of the bivariate data, thus 
improving the multivariate normality. For this reason, the general procedure used to 
establish a training set of compounds is to continuously (1) remove outliers, and (2) 
25 redraw the ellipse plot until all compounds fall within the 0.95 quartile. Ellipse plots 
were thus used to remove outliers and confirm that the membrane binding data were 
normally distributed in N-dimensional space. Ellipse plots for all possible combinations 
of membrane binding constants were used to define each training set : PC vs PE, PC vs 



composition comprising a mixture of compounds w hich have a common biological 
activity or function or clinical efficacy Typically the compounds in the training set 
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composition are in a predetermined molar ratio. In one embodiment the control 
compounds in the training set composition are in a substantially equimolar ratio, 
optionally in combination with one or more external standards. Preferably the 
compounds in this training set selected so that the ellipse plot of the membrane mimetic 
5 binding data for the compounds in the training set composition are such that all 
compounds fall within the 0.95 quartile. The training set typically includes at least 
two, preferably at least three, most preferably 5 or more control compounds. The 
training set composition can be combined with test compounds (and optionally training 
set compositions for other biological properties) to prepare mixture for LC/MS 
10 analysis of membrane/membrane mimetic binding properties. The training set 

compositions in accordance with this invention provide ideal internal controls for direct 
comparison of test compound affinities with those exhibited by the compound 
members of the training set in LC/MS analytical protocols 



15 Determining Mean Vectors 

The mean membrane binding affinities for each training set are calculated by 
averaging the PC, PE, PS, and SM as illustrated in Table 3 for selected hallucinogen 
compounds. Multivariate Analysis of Variance (MANOVA) confirmed that greater 
than 90% of the mean membrane binding affinities of all therapeutic classes and 
20 mechanism of actions were different at the 0.05 confidence level. In other words, the 
mean vector for each training set developed for use in accordance with this invention 
was unique compared to all other training sets. 



Compound 


IAM.PC 


IAM.PE 


IAM.PS 


IAM.SM 


mescaline 


-0.477 


0.670 


2.43 


-0.715 


psilocin 


0.900 


1.79 


2.80 


0.502 


MDA 


0.298 


1.32 


3 28 


-0.0647 


DOB 


2.07 


3.22 


4 68 


1.62 


Mean i MAF") 




. 1 




1 ___ 1 



Table 3 Mean Vector or Membrane Affinity Fingerprint (MAF M ) for Hallucinogens 
The data in the above table is Ln weighted 
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Predicting the Activity of Unknown Compounds 

D 2 and O Values 

In addition to the vector analysis method described above for calculation of 
angle © values, D 2 and Q values can also be used for classifying/comparing compounds 
5 by vector analysis of binding data (and other quantitative physicochemical properties). 
Membrane binding data for an unknown compound is an observation vector y, and the 
mean membrane binding data for the i* training set of compounds is denoted as the 
vector y r The classification of an unknown compound involves calculating the mean 
squared distance, D 2 , between y and y r 

10 

D ? i - (y-yo s; ! (y-yj 

where Sj is the covariance matrix of the i* group of compounds. The unknown 
compound is assigned to the therapeutic class or receptor type with the smallest D 2 , 
15 value. 

An alternate method for classifying compounds is by use of Q values. 
Q,(y) - -V2 \n\S x \-V2 (y- yi )' S,' 1 (y-y 0 

20 

where j S,| is the determinant of the covariance matrix of the I th group. When Q values 
are used to classify compounds, the unknown compound is assigned to the therapeutic 
class with the highest Q value. 

Both D : and Q were used to classify the activity of each compound comprising 
25 all of the training sets A compound was considered to classify correctly when its 

known therapeutic class or mechanism of action was within the top two hits based on 
D : and Q Table 4 shows the D 2 and Q values for the classification of MDA (a 
hallucinogen). 
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Activity 


D 2 


Q 


hallucinogen 


3.20 


5.27 


antiparkinson 


1.77 


-2.24 


anorexic 


9.14 


-2.38 


antihypertensive 


4.09 


-3.91 


analgesic 


10.6 


-5.34 


diuretic 


12.9 


-7.06 


antineoplastic 


0.991 


-9.06 


antidepressant 


24 6 


-10 7 


antipsychotic 


25.5 


-11.5 


nucleoside 


6.38 


-12.3 


antiviral 


31.7 


-13.5 


anticonvulsant 


52.0 


-24.0 


sedative hypnotic 


104 


-49.3 



Table 4. D 2 and Q values for MDA compared to all therapeutic classes. 

20 Order of Elution 

The relative order of elution is a measure of the relative affinity of each 
compound for each membrane mimetic surface. Unfortunately, theta, D 2 , and Q values 
for a compound of unknown activity do not necessarily reflect elution order. Thus a 
low theta and D 2 or large Q may occur even though a compound does not have the 

25 same relative order of elution exemplified by the mean vector of the most comparable 
training set. Consequently, in vivo activity can be predicted using not only theta, D 2 , 
and Q values, but also the LC elution order of the unknown compound on the 
respective solid phase substrates vs that of the mean vector for a known training set. 



Another parameter u; consider v.' hen predicting the 'v;v; activity ot a 
compound is the peak width associated with each membrane mimetic surface Peaks 
widths evaluate the on-ofF kinetics of drug membrane interactions For example the 
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unknown compound BDFA was evaluated for hallucinogenic activity. Its theta value 
relative to the hallucinogen MAP was 3 .6 and its order of elution matched that of the 
hallucinogen MAF M However, the peak widths of BDFA on SM and PS are much 
larger than the corresponding peak width of MAP. In vivo studies have shown that 
5 BDFA is inactive. Both the theta value and order of elution indicate that BDFA would 
be active in vivo. Only the difference in the peak widths provided evidence that BDFA 
would be inactive in vivo. 

In accordance with another embodiment of the present invention there is 
provided a system for screening test compounds for probable biological properties. 

10 The system comprises two or more membrane mimetic surfaces, each having a unique 
amphophilic composition. 1 he system includes means for quantifying the interaction of 
test compounds and control compounds with each of the surfaces and assigning a 
numerical value characteristic of said quantified interaction of the test compound and 
each respective membrane surface. Typically, the screening system also includes a 

1 5 database comprising numerical values characteristic of the quantified interaction of 

selected control compounds or training sets of control compounds with the membrane 
surfaces. At least a portion of the selected control compounds have a predefined 
biological property. The system includes an analyzer (e.g. a programmable computer) 
for comparing the numerical values determined for the test compounds with the 

20 corresponding numerical values for control compounds and identifying control 

compounds having numerical values best matching those for the test compound. In 
one embodiment the system includes a graphics algorithm for displaying the numerical 
values for the test compound and the numerical values for at least a portion of the 
control compounds as visibly distinguishable vector quantities. In another embodiment 

25 the analyzer includes an algorithm using vector calculus manipulation to identify the 
control compound or compounds having numerical value best matching those of the 
test compound. Thus, for example, the system can be programmed to report all 
control compounds wherein 0 (see above) is less than 15°, more preferably less than 



activities, exhibit relative membrane affinities such that their membrane binding data 
form a readily discernible grouping when presented as vectors in -membrane space" 
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See Figs. 1 and 2. Fig 1 shows vector plots in 3-dimensionaI "membrane space" for 
compounds which act at serotonin receptors: buspirone, cinanserin, mescaline, 
methysergide, plamphetamine, psilocin, quipazine, meterogline and others. Fig. 2 
shows vector plots in 3-dimensional "membrane space" for compounds that act at 
5 dopamine receptors: apomorphine, clozapine, domperidone, haloperidol, pridinol, 

SCH23390, SKF38393, spiperone, sulpiride, chlorpromazine, dihyrexidine, dopamine, 
perphenazine, prochlorperazine. 



vectors in "membrane space") forms the basis of the present invention and allows 

10 multiple membrane binding constants to serve as a predictor of biological activity. 
While Figs, i and 2 are illustrated as the products of pattern matching by vector 
analysis, other art-recognized mathematical analytical techniques such as multivariant 
analysis and principal component analysis can be applied to membrane binding data to 
compare test compounds with control compounds with known biological function. 

15 Vector analysis is particularly useful for pattern matching in accordance with this 

invention in that it can be carried out, albeit not graphically represented, in more than 
three dimensions. Such techniques can also be applied to data sets that include, in 
addition to data characteristic of multiple membrane affinities, other biologically 
significant molecular descriptors. Further, although membrane binding data acquisition 

20 is illustrated using immobilized artificial membrane chromatography supports in a high 
performance liquid chromatography system, other techniques can be used, for example, 
computer chips or similar devices with immobilized lipids, capillary zone 
electrophoresis columns coated with membrane lipids, Langmuir Blodget films, 
liposomes, and adsorbed monolayers of lipids on any surface, for example an AFM tip 

25 and evaluating the change in oscillation of the tip in the presence of test and control 
compounds. In addition to such empirical data acquisition techniques, numerical 
values characteristic of both MAF and non-MAF parameters can be obtained by 
computer calculations. Thus data sets for use in accordance with this invention can 



That phenomenon (the grouping of membrane mimetic binding data as 



the present invention are numerical quantities that can be derived from a known 
chemical structure Examples include surface area, polar surface area, number of H- 
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bonds, topological indices, solubility, etc. These parameters alone do not predict the 



5 to predict Membrane Affinity Fingerprints (MAF). Since HPLC retention times can be 
used to calculate membrane binding constants, methods used to calculate retention 
times of solutes are actually calculating MAF parameters. An example of a calculated 
retention time for 12 compounds can be found in (Amie, D. Davidovic-Amie, D. 
Trinajstic, N., J. Chem. Inf. Cornput. 1995, 35, 136-139 ) The term "simulated MAF" 
10 refers to a calculated MAF parameter obtained from Molecular Dynamics Simulations 
of compounds with IAMs, biiayer membranes, other membrane mimetic surfaces, or a 
force field characteristic of these membranes. 



carboxyl-fiinctional, head group-protected phospholipids of the formula HOOC-W- 
15 OP0 2 OZ wherein Z is protected glyceryl, 2-(protected amino ethyl), 2-protected 
carboxyl-2-aminoethyl, 2-protected carboxyl-2-protected amino ethyl or a readily 
cleavable protecting group, and W comprises the lipid residue of a biologically 
significant compounds such as sterols, steroids, and fatty acids including, for example, 
retinoic acid, or W comprises the lipid residue of other amphiphilic molecules found in 
20 natural biological membranes including, but not limited to lecithins, lysolecithins, 

cephalins, sphingomyelin, cardiolipin, glycolipids, gangiiosides, and cerebrosides. Such 
compounds are useful for preparation of certain of the immobilized artificial 
membranes useful for comparing membrane interactions and predicting biological 
activities of test compounds. Alternatively W is the lipid residue of a phospholipid of 
25 the general formula W-OPCKOB, wherein W can be acylglyceryl, diacylglyceryl, or N- 
acyl 3-0-(protected) sphingosin-l-yl, wherein "acyl 11 is C 8 -C 24 alkanoyl or C 8 -C 24 
alkenoyl. 



general membrane binding properties, i.e., MAFs, of compounds. The term 
"calculated MAF parameters" refers to a combination of calculated non-MAF 
parameters, with or without individual membrane binding constants, that can be used 



In another embodiment of this invention there is provided novel 



In another aspect of this invention novel carboxyl-fiinctional, head 



HOOCAV-OPO.OCHXTl : N'<CH 3 h in the presence of an excess of a protected 
alcohol of the formula ZOH wherein Z is protected glyceryl, 2-(protected amino jethyl. 
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2-protected carboxyl-2-amino ethyl or the residue of an acid protecting group, for 
example, 4-nitrobenzyl or 4-nitrophenylethyl. W is a lipid reside as defined above with 
the proviso that it is selected so that the starting compounds serve as a substrate for 
phospholipase D activity. Typically about a 3-fold to a 15-fold stoichiometric excess 
5 of the alcohol is used, and the reaction is carried out in a buffered aqueous organic 
solvent, for example chloroform or ethyl acetate, in the presence of a water soluble 
calcium salt. The product carboxyl-fiinctional compounds are useful for preparing 
novel head group-protected immobilized artificial membranes on surfaces of solid 
substrates having carboxyl reactive functional groups such as hydroxy, amino, and thiol 
10 groups. Removal of the protecting groups on the immobilized phospholipids provide 
the corresponding deprotected artificial membrane structures. 



present invention refers to those chemical moieties that 1) can be temporarily bonded 
to a reactive functional group (e.g., phospho, carboxyl, hydroxy or amino) to prevent 

1 5 subsequent unwanted reaction of the reactive functional group during other chemical 
modification of the compound bearing said functional group and that 2) can be 
removed from the functional group or groups at a subsequent synthesis step without 
unwanted reaction of other portions of the protected molecule. Protecting groups for 
amino, carboxyl and hydroxy functionalities are well known in the art, as are their 

20 respective synthesis and conditions for removal (deprotection) Preferred protected 
alcohols useful for the preparation of the carboxyl functional, head group-protected 
phospholipids in accordance with this invention are ispropylidene glycerol, allyl serine, 
2-(t-butoxvcarbonylamino)ethyl, 4-nitrobenzyl alcohol, and 2-(4-nitrophenyl)ethanol. 



25 membrane interaction and predicting biological properties in accordance with this 

invention is a novel immobilized ceramide-based membrane In one embodiment the 
ceramide stationary phase is prepared by covalently bonding N-(13- 
carboxyItridecanoyl)-D-£QlhlQ-sphingosine through the a>-carboxyl group (via the 

systems to predict skin permeability constants 



The term "protected" or "protecting group" as used in describing the 



Another artificial membrane stationary' phase useful for assessing 
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The immobilized artificial membranes used in accordance with this 
invention to predict biological activities can be prepared using one or more than one 
a)-carboxyl substituted lipids. Artificial membrane structures useful as a stationary 
phase for HPLC chromatographic determination of membrane interaction and having a 
5 predefined ratio or stoichiometry of phospholipid components can be prepared to 
simulate those lipid/phospholipid ratios known to exist in a predetermined biological 
membrane. Thus, the binding affinities of test compounds and control compounds to 
both homologous and heterologous membrane substrates can be measured and 
compared to assess/predict biological function. 

10 Membrane binding data (numerical values relating to interaction with 

membranes or membrane mimetic surfaces) were obtained using HFLc 
chromatography on a multiplicity of membrane mimetic surfaces, preferably 
immobilized artificial membranes (IAMs). The membrane mimetic surfaces used to 
quantitate membrane lipid interactions were prepared from analogs of 

15 phosphatidylcholine (PC), phosphatidylserine (PS), phosphatidylethanolamine (PE), 
and sphingomyelin (SM). These membrane lipids were chosen because of their 
established asymmetry in plasma membranes. Synthetic methods for preparing 
immobilized membranes are well established. Experimentally, drugs were injected into 
high performance liquid chromatography (HPLC) columns. The peak positions in the 

20 chromatograms measure the affinity of compounds for the immobilized membrane lipid 
surfaces. 

Comparing membrane binding properties among a multiplicity of 
compounds required a pattern matching process whereby the patterns being matched 
were sets of membrane binding data. Compounds with similar pharmacology have 
25 been found to cluster in membrane space. This supports the hypothesis that 

compounds with similar pharmacology have similar membrane binding properties. The 
dispersion of vectors among the compounds of a therapeutic class defines the region of 
membrane space where activity of that therapeutic class resides. When outliers in 

space among CNS compounds is consistent with these compounds exhibiting essential 
membrane binding properties needed for drug penetration through the blood brain 
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barrier. Although active transport and efflux mechanisms have recently been 
emphasized as regulating penetration through the CNS, membrane binding must 
significantly contribute to the regulation of CNS transport because all CNS compounds 
tested have unique membrane binding compared to non-CNS compounds The region 
5 occupied by non-CNS compounds differs from that of CNS compounds both in vector 
direction and vector magnitude. Thus, sets of membrane binding data can be used to 
determine if a given compound is likely to penetrate the blood brain barrier. Once 
CNS compounds penetrate the blood brain barrier and are free to distribute into 
different regions of the brain, membrane binding properties unique to each therapeutic 
10 class regulates the localization of compounds within the CNS. Specifically, when 
compound localization within the CNS is regulated primarily by membrane binding 
properties, then drug vectors within therapeutic classes are expected to occupy a 
unique region of membrane space. This clustering was observed for all therapeutic 
classes of compounds tested which suggests that the m vitro membrane binding model 
15 has significant utility in modeling the distribution of compounds within the CNS. 

Vector plots in membrane space are useful for demonstrating that the 
angle between two drug vectors is small when compounds exhibit similar biological 
activities. However, angle calculations are not restricted to three membrane binding 
constants. Better grouping by therapeutic activity is attainable when more than three 
20 membrane binding constants are pattern matched. For instance, diazepam pattern 

matches membrane binding properties of anxiolytic compounds much better when four 
membrane binding constants are used for the analysis. As shown in Table 5, when only 
three membrane binding parameters were used for pattern matching diazepam to the 
database, only two anxiolytics were among the top ten compounds, whereas five 
25 anxiolytics were identified when four membrane binding parameters were used. 

Although larger angles are calculated when four verses three membrane parameters are 
used (Table 5), pattern matching membrane binding constants in N-dimensional 
membrane space appears to give better groupings of compounds regarding biological 



between different CNS therapeutic classes is unavoidable In addition, the lack of a 
CNS compound among the top ten matches in Table 5 emphasizes the clear 



non 
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distinction that exists between the membrane space occupied by CNS and non-CNS 
compounds. 



10 



15 



20 



Table 5 

Pattern Matching Membrane Binding Constants in 3 Dimensions and 4 Dimensions. 
Angles were calculated from membrane binding data and are relative to the membrane 
binding data of diazepam. The Membrane Space for each analysis is given. 



Three Dimensional Pattern Matching 



Four Dimensional Pattern Matching 



Membrane Space = 


{PC, PE, PS} 


Membrane Spa 


ce = 


{PC, PE, PS, SM} 


cerr.pciip.d 


angle 


activity 


activity 


angle 


compound 


diazepam 


0 


anxiolytic 


anxiolytic 


0 


diazepam 


(ref. compound) 










(ref. compound) 


promethazine 


1 48 


depressant 


anticonvulsants 


2.83 


nitrazepam 


chlorodi azepoxidc 


1.82 


anxiolytic 


anxiolytic 


3.34 


chlorodiazepoxide 


2Br-LSD 


2.56 


LSD antagonist 


LSD antagonist 


5.71 


2Br-LSD 


nitrazepam 


2.45 


anticonvulsant 


anxiolytic 


5.77 


oxepam 


procyclidine 


3.04 


nonCNS 


antidepressant 


5.83 


R-deprenyl 


prazepam 


3 16 


anxiolytic 


anxiolytic 


6.48 


medzepam 


cyclobenzapnne 


3.28 


psychosedative 


hallucinogen 


7.38 


psilocin 


lmipramine 


3.44 


antidepressant 


anxiolytic 


8.41 


prazepam 


nefopam 


3.78 


antidepressant 


anxiolytic 


10.15 


halazepam 



25 



Synthesis of Ligands for Preparing Immobilized Artificial Membranes 

l-myristoyI-2-(13-carboxytridecanoyl)-A77-3-phosphatidylcholine (PC- 
30 COOH) was used as a common chemical intermediate to prepare immobilized artificial 
membrane (IAM) surfaces for measuring drug-membrane interactions. Previous 
preparation of IAMs containing PC, PG, PA, PE, and PS from ether phospholipids 
required - 30 steps, whereas, the use of PC-COOH to enzymatically prepare protected 
co-carboxyl phospholipid ligands (PL 2 ^ 00 "^ from phospholipase D (PLD) reduced 
35 the total number of synthetic steps to ~ 20. The five PL^°° tI/p ligands prepared were 
analogs of phosphatidylglycerol (PG 21 ^ 00 ^ la), phosphatidylserine (PS 2 ^°° HP lbV 



40 



; . .j .iiispnospnutiuN union reactions using PC - 
COOH were typically - 90-95° o complete An interesting finding was that serine allyl 
ester was an excellent substrate for PLD and quantitative transphosphatidylation of 
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PC-COOH with serine allyl ester was obtained. This is the first report describing the 
preparation of SM analogs suitable for bonding to molecular surfaces. pL^ 00 " 71 * 
protecting groups were removed after bonding the ligands to silica propylamine and 
endcapping with straight chain anhydrides. After deprotection, five immobilized 
5 membrane surfaces were prepared that contain interfacial functional groups identical to 
PG, PA, PE, PS, and SM membrane lipids. 

Although single chain ether PLs were previously used to prepare the 
first generation of I AM surfaces, two factors prohibited the wide spread use of ether 
lipids to prepare IAMs for measuring drug-membrane binding constants. One problem 

10 was that optimum predictions required immobilized lipids that are structurally similar 
to endogenous lipids found in cell membranes and single chain ether lipids lack several 
interfacial functional groups commonly found in the majority of membrane 
phospholipids. The second problem was that ether PLs required numerous synthetic 
steps and the preparation costs are high. Accordingly, in another embodiment of the 

15 invention efficient synthetic strategies were developed to prepare carboxyl analogs of 
membrane phospholipids for immobilization that bear identical interfacial functional 
groups as those found in the PLs forming the cell membranes. 




interfacial polar groups 




Scheme 1 Structures of protected diacylated phospholipid analogs of PG, PA, PE 
and PS. After immobilization and following deprotection, these ester PLs have 
identical interfacial functional groups to endogenous membrane phospholipids (PG, 
10 PA, PE, or PS). 
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Scheme 1 shows the protected diacylated pl 2u>jCOOH/P ligands prepared 
during this work. The protecting groups, R P , shown in Scheme 1 are the same 
protecting groups used to prepare single chain ether PLs that were immobilized except 
for the serine analog. Ether PLs containing serine carboxyl were protected with a tert- 
5 butyl ester, whereas the present synthetic procedure used an allyl ester group because 
this protecting group does not interfere with PLD transphosphatidylation reactions. 
Scheme 2 shows the carboxyl SM analog (2) prepared as well as the main structural 
differences between SM^°° HT and PL 2 ^ 00 ^ ligands. The SM^°° IiT ligand was 
used to prepare an IAM surface that model drug binding to endogenous membranes 
10 enriched in SM; an example is the kidney brush border cells where 80% of SM in the 
nlasrna membrane is located in the outside membrane leaflet. 
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The general synthetic route to prepare double chain ester PLs, instead 



of single chain ether PLs, bearing oo-carboxyl groups is shown in Scheme 3. PLA 2 
hydrolysis of DMPC to obtain lysolecithin (5) was found to be quantitative but 
reaction conditions are enzyme specific. In addition, PLA 2 s from different 
5 manufacturing lots contain different contaminants that interfere with product 

formation. Several PLA 2 s including Naja mocambique mocambique PLA 2 (pi = 8.8), 
Naja mocambique mocambique PLA 2 acidic isoenzyme and bee venom PLA 2 (Apis 
mellifera) were tested for this work and all enzymes could be used to obtain 
quantitative hydrolysis of DMPC, but, reaction conditions needed to be optimized for 
10 each enzyme. Bee venom PLA 2 was reported to have high activity in low water- 
organic solvent systems (1.7% butter/chloroform V/V). Preliminary studies were 
intended to determine if 1.7 % V/V buffer/CHCl 3 was sufficient for scale up reactions 
whereby several gram quantities of 5 could be produced from a single reaction. The 
first reaction was a 100 fold scale up from the published procedure and Tris buffer was 
15 used instead of HEPES. DMPC (1.0 g) incubated with bee venom PLA 2 (1000 units) 
in 1.7% V/V Tris buffer (50mM, pH 7.2)/CHCl 3 did not react over 4 hours, and when 
the aqueous phase was adjusted to 5% V/V buffer/CHCl 3 the reaction still did not 
proceed. Only when 10% V/V buffer/CHCl 3 conditions were used did the reaction 
proceed to completion in ~ 6 hours. Product precipitation in acetone always resulted 
20 in large amounts of the buffer reagent contaminating 5. For this reason, reactions were 
investigated to identify an acetone soluble buffer that does not interfere with PLA 2 
cleavage of phospholipids. Tnethanolamine buffer was found to be acetone soluble 
and permitted PLA : hydrolysis of DMPC reactions to proceed quantitatively to 
generate lysolecithin (5). It was found that in tnethanolamine buffer, Naja 
25 mocambique mocambique PLA 2 (pi = 8.8) had the highest efficiency for DMPC 

hydrolysis among the enzymes tested which included Naja mocambique mocambique 
PLA 2 acidic isoenzyme and bee venom PLA 2 (Apis mellifera). Lysolecithin purification 
required three acetone precipitations. Several PCs were also hydrolyzed in 



PC-COOH (4) was prepared from 5 as described Earlier studies 
indicated that PLD from either vegetables or microbacterials has activity in 
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organic/aqueous systems and it accepts unnatural substrates (including both primary 
and secondary alcohols) and generates phosphoester products. Therefore we extended 
PLD transphosphatidylation reactions to prepare the final ligands la-Id (Scheme 1). 
Ligands la and lb were prepared directly from PLD and did not require additional 
5 headgroup protection steps prior to ligand immobilization In contrast, ligands lc and 
Id require additional synthetic steps to protect the primary amines on each of these 
compounds so that these amines do not interfere with immobilization of the pl 2 ^ 00 ^ 
ligands. The major side product in PLD reactions is the formation of PA because 
water is an efficient competitor to the alcohols used for the PLD reactions. Thus one 
10 of the primary goals during PLD reactions is to minimize formation of PA side 

products regardless of PC analog subject to PLD transphosphatidylation. Based on 
TLC, PLD reactions using compound 4 show either no or trace amounts of PA- 
COOH 

Commercially available IPG alcohol was used to prepare pG 2ah<:oOH/p 
15 (la) by PLD transphosphatidylation; the reaction was facile and an -83. 2% yield was 
obtained after product purification by flash chromatography. The PLD reaction was > 
90 % complete and product recovery was decreased due to column chromatography. 
No PA side product formed during the reaction conditions used for PLD conversion of 
compound 4 to the ligand la. Although compound 4 is not very soluble in buffer/ethyl 
20 acetate solvents, the yield of PG 2u>_COOH/p was much higher and the reaction times was 
much shorter, in this mixed solvent system compared to buffer/CHCl 3 solvent system. 
Similar observations were found for the PLD transphosphatidylation reactions using 
compound 4 and ethanolamine which was the alcohol used to prepare pe 2 ">- cooh ' p (i c ). 

The most important consideration when using PLD enzymology to 
25 prepare ps 2taK:oo,i/p (Id) is the presence of both the serine carboxyl group and the o>- 
carboxyl group located on the terminal part of the acyl chain which is used for 
immobilization of the ligand. The serine carboxyl group must be protected prior to 
PLD reactions so that the co-carboxyl remains free and can be used for immobilization 

reactions using serine methyl ester, cannot be used because conditions for deprotecting 
the senne methvl ester will also hydrolyze the interfacial esters of the immobilized 
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lipids 

Thus a specific protecting group for the serine carboxyl had to be identified 
that permits not only the PLD transphosphatidylation to proceed efficiently, but, the 
protecting group must be able to be removed under mild deprotection conditions to 
5 generate the free serine carboxyl after immobilization. Thus synthetic strategies for 
preparing the ligand Id by PLD enzymology tested serine benzyl ester, phenacyl ester 
and allyl ester. All of these esters can be removed under mild solution conditions 
Steric hindrance of benzyl alcohol and 2-hydroxyacetophenone caused these alcohols 
to be poor substrates for PLD. However, serine allyl ester underwent quantitative 

10 PLD transphosphatidylation and this chemical intermediate was not purified; the 

unreacted serine amine was directly protected with Boc to form the ligand Id which is 
suitable for immobilization. After immobilization, allyl ester can be removed using 
tributyltin hydride (Bu 3 SnH) and the catalyst bis(triphenylphosphine)palladium (II) 
chloride PdCl 2 (PPH 3 ) 3 . The one pot two step reaction from compound 4 to ps 2 ^ 001 ^ 

15 (Id) had a overall yield of 87.1% after the product was purified by column 

chromatography. The reason for not protecting the serine amine prior to PLD reaction 
is that a free amino is usually needed for serine to be a good substrate for PLD 
enzymes. 

The preparation of SM^ 00 ^ (2) (see Scheme 4) ligand involved 
20 aminolysis of endogenous SM to form sphingosine- 1 -phosphocholine with a free 

amine. Prior to reacting the free amine with a large ring cyclic anhydride, the allylic 
alcohol was protected with /erf-butyldiphenylsilane (TBDPS) The TBDPS protecting 
groups can be removed with TBAF which does not degrade the silica surface after the 
ligand 2 is bonded to silica 
25 The ester ligands were bonded to silica surfaces similar to procedures 

previously developed in our laboratory. See U.S. Patent No. 4,93 1,498 Typically 
IAMs are prepared from 3 sequential bonding processes. The first bonding process 
links the pl^ 001171 * ligands to the surface using CDI as the activation agent and FTIR 

endcapped with alkyl anhvdrides 
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n-C 13 H 27 > 



OH 
SM 



<i + 6N HCl, n-BuOH 

0-P-OCH 2 CH 2 N(CH 3 ) 3 

^- 100°C, 1h 



■ h2 ° + TBDPSCI, Im. 
n^i 3 H 27 .^\^ 

sphingosine-3-phosphochoiine 
NH 2 O 



n-C 13 H 27 




0-P-OCH 2 CH 2 N(CH 3 ) 3 



(cyclic anhydride) 
DMPA 



O 

x 

HOOC(CH 2 ) 12 NH O 

n * C 1 3 H 27 \^v^X^O- 

OTBDPS 



SCHEME 4 
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A detailed study of endcapping reactions has been performed, and the 



results from this and other work indicate that either long chain or short chain 
anhydrides can be used for endcapping. However, a critical concept is that the 
endcapping reactions are performed until the surfaces are ninhydrin negative. 

5 Typically, decanoic (10) anhydride is the first endcapping reagent followed by 

propionic (C3) anhydride. However, double endcapping with C3 or CIO or any other 
combination can be performed depending on the use of the I AM packing materials. 
For instance, NMR studies of the IAMs require that the IAMs suspend in D 2 0 which 
can only be achieved by omitting the endcapping with CIO anhydrides. Thus 

10 endcapping is not routine from a synthetic perspective because it can be used to 
control the hydiuphubiciiy, wettability, and other properties of the final surfaces. 

Since both endcapping may be varied and the protection groups vary 
among PL 2h>coof?/p ligands, a nomenclature is needed to identify the chemical surface 
intermediates formed throughout the multistep bonding process. pl 2u><:ooh/p ligands 

1 5 are always bonded to the silica surface first, followed by endcapping and deprotection. 
The nomenclature throughout the sequential bonding processes for preparing the 
CS1CT IAM.PS C3/C3 surface (10) was as follows: 

SPA -> "*TAM.PS P -> " ,CT IAM.PS P/C3 -> " te lAM.PS p/C3/C3 -> cstc TAM.PS C3/C3 (10) 

20 

where SPA is silica propylamine starting material which becomes Mtc nAM.PS p after 
immobilizing ps 2 ^ 0011 ^ which then becomes cste TAM.PS p/C3/c3 after two sequential 
endcapping steps using C3 anhydride. The superscript p indicates that serine 
protecting groups have not been removed After removal of all the protecting groups, 
25 "^AM.PS 1 " 030 becomes the final product 10. This nomenclature, which is 

exemplified for the preparation of "^AM.PS 030 surfaces, is used for all IAMs. 



the same as that of PC-COOH which did not require protecting groups. However, the 



Bonding strategies of the PL 



ligands to the silica surfaces were 



to silica propylamine was facile When ether PLs were used for preparing IAMs 
aqueous HC1 was used to deprotect Boc, /tv7-butyl esters, and isopropylidene (IPG) 
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groups because the immobilized ether lipids were stable to this reaction condition. 
However, the ester PLs described in this report are susceptible to acid hydrolysis and 
we used anhydrous TFA to remove acid sensitive protecting groups. 

We have found that the only way to monitor trace amounts of 
5 functional groups on the I AM surface after the pL 2av<:ooH/p ligands are immobilized is 
to use ER microscopy. However compared to all other protecting groups tested, direct 
monitoring the deprotection of the allyl ester groups on ^AM.PS^ 03 ' 03 by IR 
microscopy was impossible because allyl ester group does not have an ER band in a 
unique region of IR spectrum. From peptide chemistry, deprotection of allylic groups 
10 are quantitative using tributyltin hydride. Nevertheless the deprotection was essential 
to monitor because interfaciai surface chemistry significantly affects many chemical 
reactions and deprotection of allyl ester may not be facile on 1AM surfaces. 
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IR band shifts with serine carboxyl group on ^AM.PS 0303 in the IR 
spectra under acidic and basic conditions were used to monitor the extent of 
deprotection. Thus after deprotecting AM.PS P/C3/C3 with Bu 3 SnH and PdC! 2 (PPh 3 ) 3 , 
IR spectra of the acidified I AM surface (serine-COOH) and basified I AM surface 
5 (serine-COO*) showed a decrease in the integrated ester region between 1780-1680 
cm" 1 by ~~ 1.3 fold. This decrease in intensity was expected because the surface 
contains two interfacial esters from the immobilized phospholipid. The serine carboxyl 
shift from 1710 cm* 1 to 1550 cm" 1 when the serine COOH is ionized to serine COO" 
chemical species moved the deprotected functional group to a new region of the IR 

10 spectra allowing the deprotection reaction to be monitored. 

Numerous synthetic strategies can be developed to prepare the 
assortment of ester pL 2tiH::ooHT ligands shown in Scheme 1. For instance, PLA 2 
hydrolysis of endogenous phospholipids including PG, PA, PE, PS can be performed 
followed by protecting polar headgroups and linking a long chain acyl group with an 

1 5 to-carboxyl group. This type of synthetic strategy whereby each pl 2u><:ooh/p ligand is 
synthesized from an endogenous precursor has several disadvantages, the most 
obvious of which is the generation of several extra synthetic steps to obtain all PL 2o>_ 
cooht ligands 

However, equally important considerations are (1) endogenous starting 
20 materials like PG, PA, PE, and PS are expensive, and (2) the lysophospholipids of PG, 
PA, PE, and PS have poor solubility in aprotic solvents which makes them difficult to 
undergo following synthetic chemical reactions. The selection of PC-COOH (4) as a 
common intermediate (Scheme 3) to prepare ester pl 2 ^°° hp thus avoids the usage of 
expensive starting materials PG, PA, PE, and PS and eliminates lysophoshpolipid 
25 intermediates. The synthetic strategy described herein is efficient for both small and 
large scale reactions and will be generally useful for preparing membrane surfaces. 
The ligands can be bonded to any molecular surface. 



bought from Genzyme Pharmaceuticals (Cambridge, MA) Bee venom PLA : (Apis 
mellifera). Naja mocambique mocambique PLA : (pi = 8.8), Naja mocambique 
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mocambique PLA 2 acidic isozyme, PLD (from Streptomyces species), CaCU 2H 2 0 and 
ethanolamine were ordered from Sigma Chemical Co. (St. Louis, MO). 
Triethanolamine (TEA), tris(hydroxymethyl)aminomethane (Tris), 
ethylenediaminetetraacetic acid disodium salt (EDTA), anhydrous trifluoroacetic acid 
5 (TFA), 1,-1-carbonyldiimidazole (CDI), propionic anhydride (C3), decanoic anhydride 
(CIO), tributyltin hydride (Bu 3 SnH), bis(triphenylphosphine)palladium (II) chloride 
(PdCl 2 (PPh 3 ) 3 ), alcohol-free anhydrous chloroform (stabilized with amylene), 
methylene chloride, 4-dimethylaminopyridine (DMAP), sodium acetate, di-/er/-butyl 
dicarbonate (Boc anhydride), /?-nitrophenethyl alcohol (NPEA), triethylamine, tert- 
10 butyldiphenylsilyl chloride (TBDPSC1), imidazole, w-butanol, 1, 12- 

dodecanedicarboxyiic acid, tetrabutyiammonium fluoride (TBAF) and aiiyi bromide 
were purchased from Aldrich (Milwaukee, WI). Sphingomyelin (brain) and eggPC 
were ordered from Avanti Polar Lipids, Inc. (Alabaster, AL). Deuterated solvents for 
NMR spectroscopy including methanol and chloroform were from Cambridge Isotope 
15 Laboratories, Inc..(Andover, MA) Chloroform (alcohol free), acetone, 

isopropylalcohol, methanol, acetone, hexane, ethyl acetate, acetic acid, hydrochloride 
and sodium hydroxide were from Mallincrodt, Inc. (Paris, NY). Labmotor, stirring 
shaft and stirrer blades were purchased from ACE Glass, Inc. (Louisville, KY). 
Phospray reagent used for detecting phosphorus-containing organic compounds and 
20 ninhydrin reagent used for detecting amine-containing compounds were ordered from 
Supelco, Inc. (Bellefonte, PA). Silica propylamine (SPA) was provided by Rockland 
Technologies Inc. (Newport, DE). SPA (RN39-94) was used to prepare MtCT IAM.PL 
surfaces and it is trifiinctional and has a surface area of 180m 2 /g and a pore size of 80 
Angstroms. The density of propylamine groups on RN39-94 is 3.09 ^mol/m 2 . SPA 
25 (RN38-94) was used to prepare IAM.SM surfaces and it is monofunctional and has the 
same surface area and pore size as RN39-94. The density of propylamine groups on 
RN38-94 is 2.06 |ig/m 2 . All infrared spectrum were recorded on a Nicolet magna-IR 
spectrometer interfaced with a IR Plan I microscope. Elemental analysis was 
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l-myristoyl-5/i-2-hydroxyphosphatidylcholine (5, lysolecithin) 

DMPC (10.0 g) was weighed and dissolved in chloroform (300 ml). 
Then 32.0 ml of 50 mM TEA (pH 7.2) buffer containing 2.5 mM and 0.25 mM 
EDTA was added. Naja mocambique mocambique PLA 2 enzyme solution (1 ml, 1,000 
5 units/ml in 50 mM TEA buffer) was pipetted into the DMPC suspension. The viscous 
white reaction was paddle-stirred at 100 rpm for either 7.5 hours (basic isozyme) or 
1 1.0 hours (acidic isozyme). Isopropylalcohol (100 ml) was added to the reaction 
mixture before rotoevaporation to avoid bubbling during solvent removal. After 
rotoevaporation, the residue was suspended in methanol (100 ml) and sonicated (1-2 
10 min) to solubilize the residue. The methanol solution containing product was slowly 
pipetted into acetone (~ 500 mi) which caused a while precipitate (the product) to 
immediately form. 

Complete precipitation required overnight incubation at 4 °C The 
precipitated product was collected by filtration using an F glass-sintered filter. TLC 
15 (CHCI3/CH3OH/HX) = 65:35:4) showed trace amounts of myristic acid and TEA were 
contaminating the lysolecithin product and a second precipitation was needed to obtain 
5 that did not contain any traces of myristic acid. A third precipitation with the pH 
adjusted to 9.7 completely removed the TEA from the product and pure compound 5 
(5.16 g, 73.1%) was obtained after vacuum dry overnight. Recovery of lysolecithin 
20 from the 3rd filtrate by an additional precipitation increased the yield to -80.0%. This 
reaction was performed ~ 50 times to obtain 285 g of lysolecithin which was used to 
prepare PC-COOH (4) by an established procedure TLC in CHC1 3 /CH 3 0H/H 2 0 
(65:25:4) showed a pure product (Rf = 0 34); FTIR: (thin film, cm -1 ) 2955.24, 
2917.03,2849.68, 1734.22, 1467.66, 1234.61, 1086.39, 1056.77. 1 HNMR(300 
25 MHz, CDCI3, 6 ppm): FAB-MS [M+H ] calcd for C 22 H 46 0 7 PN 468.6, found 468.5. 

l-MyristoyI-2-(13-carboxytridecanoyI)-5«-3-phosphatidyIchoIine (4, PC-COOH) 

L-serine allvl ester (3) 



tnethylamine (24 ml) were added. After stirring tor 24 hours, the reaction mixture was 
filtered, and the filtrate was concentrated via rotoevaporation to yield a yellow oil 
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The crude product was purified by flash chromatography using a step hexane/ethyl 
acetate gradient from hexane (500 ml) followed by hexane/ethyl acetate (4:1, 1000 ml), 
hexane/ethyl acetate (2 1, 1000 ml), and hexane/ethyl acetate (1:1, 1000 ml). After 
drying in a vacuum oven overnight, 27.2 g of the intermediate N-ter/-butoxycarbonyl- 
5 L-serine allyl ester was obtained (93% yield). TLC in ethyl acetate/hexane (1:1) 

showed a pure product (Rf = 0.39); FTER: (thin film, cm* 1 ) 3415.86, 2978.14, 2933.60, 
2886.66, 1743.43, 1715.75, 1512.33, 1392.96, 1370.85, 1342.40, 1165.13, 1060.54. 
! HNMR (300 MHz, CDC1 3 , 6 ppm): 5.87 (1H, m), 5.54 (1H, d, J = 7.79 Hz), 5.28 
(1H, d, J = 17.17 Hz), 5.20 (1H, d, J - 10.40 Hz), 4.61 (2H, d, J - 5.62 Hz), 3.87 
10 (2H, m), 1.40 (9H, s). CI-MS [M+H + ] calcd for C n H 19 N0 5 246.3, found 246.0 



ml r. b. flask and cooled to 0 °C. To this yellow oil, 50% TFA/CH 2 C1 2 (100 ml) was 
added under positive N 2 pressure. The reaction mixture was stirred at 0 °C (30 min), 
warmed to room temperature, and stirred for 2 h. TFA and CH 2 C1 2 were removed by 

15 rotoevaporation to yield a yellow oil. The yellow oil was dissolved in ether (200 ml). 
After 3 h at 4 °C, the product completely precipitated. The precipitated product was 
collected by filtration and washed with ether (50 ml) and hexane (20 ml). The white 
precipitate was dried in a vacuum oven overnight. Dry L-serine allyl ester (3) was 
obtained (15.6 g, 100% yield). TLC in CH 2 C1 2 /CH 3 0H/H 2 0 (65:25:4) showed a pure 

20 product (Rf = 0 58). FTIR: (thin film, cm" 1 ) 2994.54, 2960.64, 2891.49, 1747.28, 

1674.06, 1201.52, 11.45.92. ! H NMR(300 MHz, CDC1 3 , 6 ppm): 5.86 (1H, m), 5.30 
(2H, m), 4.59 (2H, d, J = 6.43 Hz), 4.09 (2H, m), 3.77 (1H, m). FAB-MS [M+H + ] 
calcd for C 6 H n N0 3 146.2, found 146.0. 

25 3-0-(tert-butyldiphenylsil>i)-sphingosine-l-phosphocholine (6) 

Sphingosine-l-phosphocholine was prepared by hydrolysis of SM with 
minor modification. Briefly, a solution of SM (10.5 g, 15 mmol), n-BuOH (150 ml), 
and HC1 (45 ml, 6.0 N) was stirred at 100 °C for 1 hour followed by rotoevaporation 



N-ter/-butoxycarbonyi-L-serine allyl ester (li.l g) was placed in a SOU 



phosphochoiine was dissolved in THF (500 ml) followed by the addition of TBDPSC1 
(23 4 ml, 90 mmol ) and imidazole (12 2 g, 90 mmol ) in that order The reaction was 
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stirred (40 °C, 10 h) followed by rotoevaporation and purification by column flash 
chromatography A white solid (5.64, overall yield 53%) was obtained after column 
chromatography. TLC in CHC1 3 /CH 3 0H/H 2 0 (65:25:4) showed a pure product (Rf = 
0.25). FTIR: (thin film, cm" 1 ) 3390.56, 3071.58, 3046.65, 3015.28, 2956.99, 2925.18, 
5 2854.48, 1963.80, 1898.78, 1830.79, 1620.98, 1428.53, 1239.36, 1059.06, 973.34. 
'H NMR (300 MHz, CDC1 3 , 6 ppm): 7.66 (4H, m), 7.32 (6H, m), 5.43-5.09 (2H, m), 
4.45 (3H, m), 4.12 (4H, m), 3.40 (9H, s), 3.39 (1H, m), 1.64 (2H, m), 1.24 (22H, m, 
br s), 1.00 (9H, s), 0.86 (3H, tr, J = 6 45 Hz). FAB-MS [M+H*] calcd for 
Cj^ISUXPSi 703.1, found 703.2. 

10 

3-0-(tert-butyldiphenyIsilyl)-sphingomyeIin (2, SM" COOH/p ) 

A 200 ml solution of 6 (5 g, 7.1 mmol) and 1,12-dodecanedicarboxylic 
anhydride (prepared from 1,12-dodecanedicarboxylic acid (5.0 g, 19.35 mmol) and 
DCC (4.0 g, 19.39 mmol) as described [Pidgeon. 1989 #8]) was stirred at r.t. for 10 

15 hours. The reaction solvent was removed by rotoevaporation and product was purified 
using a step gradient mobile phases consisting of CH 2 C1 2 (500 ml), CH 2 C1 2 /THF (1 : 1, 
500 ml), CH 2 Cl 2 /CH 3 OH (1:1, 1000 ml), and CH 2 Cl 2 7CH 3 OH/H 2 0 (65:35:4, 3000 ml). 
The chromatography fractions containing the product were pooled, and after 
rotoevaporation and vacuum oven drying 5.4 g of SM* ><:ooH/p (2) was obtained (80.6 

20 % yield) TLC in CHCU/CH 3 OH/H,0 (65:25:4) showed a pure product (Rf = 0 47). 
FTIR: (thin film, cm"') 33 12.05, 3071.70, 3046.10, 2923.61, 2855.04, 1960.21, 
1899.87, 1831.31, 1742.70, 1703.39, 1660.42, 1546.28, 1466 74, 1428.35, 1065.80, 
967.63 'H NMR (500 MHz, CDC1 3 , 6 ppm): 7.64 (4H, m), 7.34 (6H, m), 5.34-5.04 
(2H, m), 4.39 (1H, dd), 4 24 (2H, m), 4.02 (2H, m), 3.68 (3H, m), 3.21 (9H, s), 2.30- 

25 1.92 (4H, m), 1 76-1 .37 (6H, m), 1 .24 (38H, br s), 1 .04-1 .00 (9H, 3 s), 0.84 (3H, tr, J 
= 6.56 Hz). FAB-MS [M+H*] calcd for C 53 H 91 N 2 0 1( PSi 943.4, found 943.0. 

l-Myristovl-2-(13-carboxytridecanoyl)-s«-3-phosphatidylg!ycerol-2'-3'- 



■ - v v A M 1 i . . ...iliv. . .v.. • ••uuiiu u i^. ^ ..... 

acetate (56 ml) and sonicated (5 min). The suspension was stirred (30 °C, 15 mm) 
before pipetting 10.62 ml of NaOAc buffer (composed of 100 mM NaOAc and 50 mM 
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CaCU, pH 6.5) and 1 6 ml (12. 10 mmol) of (R)-isopropylidene glycerol (IPG). After 
addition of IPG, the two-phase system immediately emulsified. PLD (100 1.0 
unit/(il in NaOAc buffer) was added and the reaction monitored by TLC 
(CHC1 3 :CH 3 0H:NH 3 H 2 0 = 65 :25:4); after 2 h > 60% of the PC-COOH was 
5 converted to PG 2ah<:ooH/p Additional PLD (40 jil) was added and the reaction 

incubated for another 5 hours (90 % completion based on TLC). The reaction mixture 
was acidified using KHS0 4 (1 M, 1.0 ml), then concentrated by rotoevaporation and 
the resulting residue was purified by flash chromatography using CHC1 3 /CH 3 0H/H 2 0 = 
65:25:3. Chromatography fractions containing product were pooled, concentrated by 

10 rotoevaporated and vacuum dried; the yield after column chromatography was 1 .74 g 
of a white solid (83.2% yield). TLC in CHCiy'CH^H/TLO (65:25:4) showed a pure 
product (Rf = 0.40) FTER: (thin film, cm' 1 ) 2982.51, 2923.36, 2852.97, 1741.51, 
1710.84, 1556.64, 1462.17, 1415.60, 1379.37, 1370.00, 1244.68, 1219.69, 1160.35, 
1106.00, 1069.15. ! H NMR (500 MHz, CDC1 3 , 6 ppm): 5.24 (1H, br, m), 4.37 (1H, 

15 br, m), 4.29 (1H, br, m), 4.17 (2H, br, m), 4.04 (3H, br, m), 3.90 (1H, br, m), 3.80 
(1H), 2.29 (6H, m), 1.57 (6H, m), 1.42 and 1.35 (3H, s, -CCH 3 , one of the two 
conformers), 1.40 and 1.33 (3H, s, -CCH 3 , one of the two conformers), 1.26 (36H, m), 
0.86 (3H, t, J = 7.00 Hz). FAB-MS [M+H + ] calcd for C 37 H 69 O l2 P 737.9, found 737.5. 

20 l-mvristoyl-2-(13-carboxvtrideca™^ 

(lb>A 2wCOOH/p ) 

p A a*-cooH/p was p re p ar ed similar to PG 2l ^°° nv except thatp- 
nitrophenethyl alcohol was used instead of IPG for the PLD transphosphatidylation 
25 reaction and the reaction was scale up by 1.5 fold. Optimum yields required PLD (1.0 
unit/ to be sequentially added in three increments: 100 2 h incubation, 37 jil, 2 h 
incubation; then 50 ^1-PLD, incubation for 12 hours). The product was both phospray 
positive and UV positive. The reaction mixture was acidified with KHS0 4 , (1 .042 ml 
of 1M), concentrated by rotoevaporation and the product purified by flash 

contaminu product were pooled, concentrated by rotoevaporated and vacuum dned, 
the yield after chromatography was 1 12 g of light yellow solid (75 1% yield). TLC in 
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CHC1 3 /CH 3 0H/H 2 0 (65:25 :4) showed a pure product (Rf = 0.42). FTIR: (thin film, 
cm" 1 ) 2923.70, 2852.81, 1740.44, 1705.13, 1603.81, 1550.54, 1522.11, 1465.95, 
1345.88, 1220.07, 1108.70, 1070.67, 1034.59. FAB-MS [M+tT] calcd for 
Ca^NO^P 772.9, found 777.5. 



10 solvent system, ethyl acetate/chloroform (4.6:1) was used. Chloroform was alcohol 
free. Based on scanning densitometry of TLC plates developed in 
CHCl3:CH 3 OH:NH 3 H 2 0 (65:25:4), -88.0% of PC-COOH starting material was 
converted to the corresponding PE carboxyl analog. The reaction mixture was 
concentrated by rotoevaporation and the intermediate was not purified prior to 

15 protecting the primary PE amine with Boc. To the concentrated residue, Na^C^ (20 
ml, 1.0 M) and dioxane (40 ml) were added. The reaction mixture was cooled to 0 °C 
before adding (Boc) 2 0 (1.98 g, 9.07 mmol) The reaction was stirred (0 °C, 1 h), r.t. 
for 3 hours followed by acidification by KHS0 4 (40 ml, 1.0 M). Addition of 
chloroform (40 ml) caused the milky emulsions reaction mixture to form two layers. 

20 The organic layer was collected and combined with the chloroform washings (2 x 40 
ml ) of the aqueous layer. The chloroform extractions were concentrated by 
rotoevaporation before purification of the product using silica gel flash 
chromatography. The solvent system was CHCl 3 /CH,OH (9: U 300 ml) followed by 
CHC1 3 /CH 3 0H/H 2 0 (65:25:3, 800 ml) Chromatography fractions containing product 

25 were pooled, concentrated by rotoevaporated and vacuum dried; the yield after 
chromatography was 0.96 g of white solid ( 88 .8 % yield). TLC in 
CHCI3CH3OHNH3HX) (65:25:4) showed a pure product (Rf- 0 44) FTIR: (thin 
film, cm" 5 ) 3384.65, 2923.00, 2852.32, 1742.15, 1715.33, 1690.96, 1553.86, 1517.93, 
1464.04, 1365.55, 1244.64, 1221.96, 1 171.99, 1108.70, 1071.16. *H NMR (500 

m), 1.40 (9H,s), 1.25 (36H. m). 0.85 (3H. t, J -- 6 75 Hz). FAB-MS [M^Na ] calcd 
for ChH.jNO^P 789 0. found 788 5 



5 



N-rerr-ButyloxycarbonyI-l-myristoyl-2-(13-carboxytridecanoyI)-5/i-3- 
phosphatidylethanolamine (lc, pe 2 ^ cooh/p ) 



PE 2u>-cooh,p was p repare d similar to PG : 



except that a mixed 
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N-ferr-Butyloxycarbonyl-)-allylester-l^^ 
phosphatidylserine (Id, PS 2 " COOH/p ) 

PC-COOH (7.0 g, 9.90 mmol) was dissolved in anhydrous chloroform 
5 (200 ml) using a 500 ml r.b. flask. Serine allyl ester (7.2g, 49.50 mmol) was added to 
the reaction mixture followed by 33.4 ml of buffer (composed of 100 mM NaOAc, 
50mM CaCl 2 at pH 6.5). PLD (500 ^1, 1.0 unit/nl in NaOAc buffer) was added and 
the reaction was stirred at 30 °C under N 2 for 8 hours. The chemical intermediate, a 
carboxyl PS analog from the PLD reaction of PC-COOH, was concentrated via 

10 rotoevaporation and not purified prior to the protecting the serine amine with Boc. 
The primary serine amine was protected with Boc as described above in the 
preparation of PE 2(A> " COOH/p After acidification of the protection reaction mixture using 
KHS0 4 (160 ml, 1.0 M), the product was extracted using diethyl ether (4 x 100 ml). 
The diethyl ether extracts were pooled and the solvent rotoevaporated to obtain a 

1 5 yellow oil which was purified by silica gel flash chromatography using 

CH 2 C1 2 /CH 3 0H/H 2 0 (65:25 :4) as the mobile phase. The amount of final product 
(white solid) obtained after column chromatography resulted in an 87% overall yield 
(7.32 g) TLC in CH 2 Cl 2 /CH 3 OH (1:1) showed a pure product (Rf = 0.81). FTIR: (thin 
film, cm' 1 ) 3364.26, 2925.48, 2855.87, 1741.78, 1713.99, 1510.08, 1461.08, 1372.02, 

20 1185.02, 1080.51. 'H NMR (300 MHz, CDCl 3 ,6ppm): 5.90 (1H, m), 5.34-5.20 (4H, 
m), 4.62-4.00 (8H, m), 2 27 (6H, m), 1.57 (6H, m), 1.41 (9H, s), 1.25 (36H, br s), 
0.87 (3H, tr, J = 6 65 Hz). MALDI-MS [M-H] calcd for C 42 H 75 N0 14 P 848.1, found 
848.0. 

25 MUr IAM.PG c,0C3 (7) 

PG 2u^ooht ^ la ) ( j q g ^ 135 mmo I) was suspended in anhydrous CHC1 3 

(50 ml) using a r.b flask (100 ml) and CDI (0.380 g, 2.35 mmol) was added. The la 
ligand is not very soluble in CHC1 3 , but, the CDI-activated PG 2t ^°° Ii/p ligand is very 
soluble After overnight stirring at r t both TLC CH 2 CL/CH 3 OH/H 2 0 (65:25:4) and 

carting maienai vwt> a.u\aiu. > .iLUuiiruiicu \ wv , • ^ -^u^u^. 

and the suspension was mixed using an orbital shaker ( 1 50 rpm, 24 hours) The 
Mtc n AM PC/ silica was then filtered through an F glass-sintered funnel, washed with 
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chloroform (2 x 20 mi), methanol (3 x 20 ml) and acetone (10 ml) followed by drying 
in a vacuum oven at 40 °C overnight. The coupling was repeated using reaction 



endcappings were performed as described previously to obtain CTlc TAM.PG p/cl0/C3 . 
5 Deprotection of the isopropylidene protecting group on the c * tc lAM.PG p/cl0/C3 surface 
was needed to generate an immobilized artificial membrane containing PG. Briefly, 
Ci<a lAM.PG p ' cl0/C3 (-10.9 g) was suspended anhydrous CH 2 C1 2 (24 ml). Then 
anhydrous TFA (8 ml) was added to the suspension. After 2 h of shaking the silica 
was filtered, washed with CH 2 CU (2 x 20 ml), CH 3 OH (3 x 20 ml), and acetone (20 

10 ml), followed by vacuum drying (40 °C overnight). The deprotection step was 

repeated with 50% TF A/50% CH 2 C1 2 (V/V, 24 mi) for 4.0 hours. Then the silica was 
immersed in 50% 1 M Na 2 CO 3 /50% CH 3 OH (80 ml, 6 min) under constant stirring, 
followed by washing with water (600 ml), CH 3 OH (2 x 40 ml) and acetone (2 x 40 ml). 
The surface was finally vacuum-dried at 40 °C overnight. FTIR microscopy of surface 

15 (7) indicated that the IPG group was quantitatively removed because the characteristic 
IPG peak at 1370.0 cm" 1 disappeared completely after the deprotection. The bonded 
ligand density[Ong, 1994 #14] (la) on cste TAM.PG p was 134.67 pmol/g-silica based on 
elemental analysis of carbon content before (C, 2. 13%) and after (C, 7.46%) ligand la 
bonding to silica surfaces. 

20 

" te lAM.PA cl0/C3 (8) 



endcappings to prepare Mte TAM.PA p/c,0 ' C3 were the same as those used to prepare the 
" lcr IAM PG pcl0C \ Deprotection of /7-nitrophenylethyl (NPE) group on the 
25 Mtc TAM.PA pcl0C3 surface was performed as described. Briefly, cstcr LAM.PA p cl0 C3 

(-15.0 g) was suspended in anhydrous CH 2 C1 2 (50 ml), then anhydrous DBU (20 ml) 
was added. After 2 h of shaking, the silica was filtered, washed with saline (1 .0 M 
NaCl, 500 ml), H.O (500 ml), and acetone (50 ml), followed by vacuum drying (40 °C 



nitrophenvlethvl group A second deprotection using benzene resulted in - 81 % 
After deprotection, the silica was filtered, washed with CHCU (200 ml), CH,OH (100 



conditions corresponding to 0.25 equivalents of the PG 2u ^°° R/p ligand. C10 and C3 



The bonding procedures for immobilizing PA' 



^°° K1, (lb), C10 and C3 
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ml), saline (1.0 M NaCl, 500 ml), H 2 0 (500 ml) and acetone (100 ml) followed by 
vacuum drying (40 °C overnight) The bonded ligand density (lb) on ^AM.PA 11 was 
96.50 |imol/g-silica based on elemental analysis of carbon contents before (C, 2.13%) 
and after (C, 6.34%) ligand lb bonding to silica surfaces. 

5 

ert * r IAM.PE cl0/C3 (9) 

The bonding procedures for immobilizing pe 2 ^ 00 ^ (lb), C10 and C3 
endcappings to prepare AM. PE P/C 1 0/C3 were the same as those used to prepare the 
Mlc TAM.PG p/cl0/C3 Boc Deprotection from the "nAM.PE p/cl0/C3 surface was 

10 performed as described. Briefly, cslc TAM.PE p/C10C3 (-8.9 g) was suspended in 
anhydrous CH 2 C1 2 (20 ml). Then anhydrous TFA (20 mi) was added to the 
suspension. After 2h of shaking, the silica was filtered, washed with CH 2 C1 2 (2 x 20 
ml), CH 3 OH (3 x 20 ml), and acetone (20 ml), followed by vacuum drying (40 °C, 
overnight). The first deprotection was ~ 80 % complete and a second deprotection 

15 step in 50% TF A/50% CH 2 C1 2 for 4.0 hours resulted in complete deprotection; the 

Boc IR band 1369.0 cm" 1 completely disappeared. The bonded ligand density (1c) on 
^AM.PE 1 * was 109.33 |imol/g-silica based on elemental analysis of carbon contents 
before (C, 2.13%) and after (C, 6 64%) ligand lc bonding to silica surfaces. 

20 " le TAM.PS cl0/C3 (10) 

The bonding procedures for preparing "^AM.PS^ 03 ' 03 were the same 
as those used to prepare the CTtCT IAM.PG p/cl0/C3 except that double C3 endcapping was 
used. Deprotection of surface allyl ester group on C5tc TAM.PS P C3 C3 was based on the 
solution deprotection conditions. Briefly, c,tc TAM.PS PC3 C3 (22.44 g) was suspended in 

25 anhydrous CH 2 C1 2 (50 ml), nitrogen purged (5 min), sonicated (10 sec) and nitrogen 

purged (1 min) before adding the deprotection reagents. PdCl 2 (PPh 3 ) 3 (96.07 mg, 0.14 
mmol), acetic acid (600.4 jil, d=1.049, 10.50 mmol) and Bu 3 SnH (4.53 ml, d= 1.082, 
16.84 mmol) were sequentially added to CTte lAM.PS p/ °' C3 suspension. After 2h of 

(5 x 50 ml), hexane (30 ml), ethyl acetate (30 ml) and acetone (40 ml), followed by 
vacuum drying (40 °C overnight) The deprotection procedure of the allyl ester was 
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repeated prior to Boc deprotection. For Boc deprotection, the conditions described 
above to prepare the "'"TAM.PE 010 c3 surface were used except that the deprotection 
reaction was performed once. Based on FTER microscopy, quantitative deprotection 
occurred. The bonded ligand density on LAMPS'* was 104.86 ^imol/g-silica based 
5 on elemental analysis of carbon contents before (C, 2. 13%) and after (C, 6.99%) ligand 
Id bonding to silica surfaces 

IAM.SM CI0/C3 (11) 

The bonding procedures for immobilizing SM^ 00 ™ (2), CIO and C3 
10 endcappings to prepare IAM.SM P/C10/C3 were the same as those used to prepare the 

Mtr lAjvl.PG P/rift/0 except ihe iigand coupling to siiica propylamine was performed only 
once. Deprotection of TBDPS protecting group on the SM headgroup was done as 
described. Briefly, IAM.SM P/C10C3 (-2.1 g) was suspended in THF (20 ml) before 
TBAF (20 ml, 1.0 M solution in THF) was added to the suspension. After 2 h of 
15 shaking, the silica was filtered, washed with THF (2 x 20 ml), CHC1 3 (3 x 20 ml), 
CH 3 OH (3 x 20 ml), and acetone (20 ml), followed by vacuum drying (40 °C, 
overnight). FTIR microscopy indicated that deprotected was quantitative; because the 
TBDPS IR peak at 3074.23 cm 1 and 3056.10 cm 1 completely disappeared. The 
bonded ligand density (2) on 1AMSM P was 90.53 fimol/g-silica based on elemental 
20 analysis of carbon content before (C, 2.04%) and after (C, 7.35%) ligand 2 bonding to 
silica surfaces. 



Synthesis and Immobilization of Ceramide Analogs on the Silica Particles 

The skin is the largest organ of the human body, a primary area 
25 contacted with the environment, and a route by which many chemical substances enter 
the body. Research has demonstrated that drug delivery through the skin is feasible for 
many simple potent drug molecules (less than 1 000 Da) via transdermal drug delivery 
systems. Seven drugs marketed in United States including clonidine, estradiol, 



concentrations of a drag can be achieved without the high peak levels associated with 
oral therapy The avoidance of high peak levels may help minimize the side effects of 
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certain drugs. Meanwhile dermal exposure to toxic substances represents a major 
occupational hazard; successful anticipation of potential risk could significantly reduce 
the incidence of chronic health and environmental problems. The interest in the skin 
has encouraged research in the field and has led to a better understanding of skin 
5 biological structure. The studies have showed that the major permeability barrier of the 
human skin is provided by its outer layer - the stratum corneum (SC). The stratum 
corneum consists of dead cells surrounded by an extracellular matrix containing lipid 
lamellae. The major lipid components of this extracellular matrix is ceramides which 
comprise 50% of the total lipid and consist six structurally heterogeneous ceramides. 

10 Among them, ceramide 2 comprises 40% of the total ceramides. Ceramide consists of 
mainly 24- through 28- carbon fatty acids amide-linked to sphingosine and 
dihydrosphingosine bases. 

Studies of model systems capable of predicting plasma levels following 
topical administration are continuously being pursued. These investigations aim at 

15 facilitating the rational selection of transdermal drug candidate which can penetrate 

skin barrier or predicting the potential risk of dermal exposure to toxic chemicals. By 
immobilizing skin lipids such as ceramide 2 on a chromatographic support there is 
provided a new model system to evaluate chemical skin interaction. The chemical skin 
interactions can then be chromatographically measured via HPLC. This system would 

20 be much better than octanol/water partition system and more feasible than laborable 

and controlled measurement of skin permeability in vivo. The ceramide ligand (N-[13- 
carboxyltridecanoyl]-D-entf/iro sphingosine 2) used to prepare ceramide silica surface 
contains basic ceramide 2 functional moiety, and a free go -carboxyl group. The free to 
-carboxyl group functions as a tag to the silica propyl amine particles through 1,1- 

25 carbonyldiimidazole (CDI) activation. Anhydrides are used to endcap excess amine 
groups on the silica propyl amine particles. See Scheme 5. 
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A representative synthesis of ceramide stationary surfaces is outlined in 
Scheme 6. The treatment of N-Boc-L-serine with methyl iodide gave N-Boc-L-serine 
methyl ester 3 which was reacted with 2,2-dimethoxypropane under the catalysis of p- 
toluenesulfonic acid monohydrate to produce the acetal protected compound 4, which 
5 was reduced to the aldehyde 5 under mild reduction (using diisobutylaluminum hydride 
(DIBALH) as reagent and running the reaction at -78°C). Meanwhile, 1 -pentadecyne 
6 was synthesized from 1-bromotridecane and lithium acetylide ethylenediamine 
complex in dimethyl sulfoxide (DMSO) solution Then oxazolidine aldehyde 5 was 
treated with lithium acetylide (from 1 -pentadecyne 6 and n-butyl lithium) at -23 °C to 

10 produce the basic structure of sphingosine 7 in 84% yield after flash chromatography. 
High em/ira-selectivity (with diastereoselectivity (ds) ~ 89%) was observed in this 
reaction. Treatment of compound 7 with mild acid Amberlyst 15 in methanol at room 
temperature resulted in selective cleavage of the acetal protecting group, leading to the 
1,3-diol 8 which was converted to N-Boc-sphingosine 9 by selective reduction of the 

15 triple carbon bond with Red-Al in ether. This reduction condition specifically 

converted the triple bond to the trans double bond. Cleavage of the carbamate moiety 
with 1.0 N HC1 in dioxane at 100°C resulted in D-ervZ/jro-sphingosine 10 which was 
reacted with tert-butyldiphenylsily chloride (TBDPSC1) in order to protect the two ( 
hydroxyl groups. The TBDPS group is considerably more stable (about 100 times) 

20 than the tert-butyldimethylsilyl (TBDMS) group toward acidic hydrolysis and therefore 
is appropriate for the immobilization reaction. Subsequent reaction of TBDPS- 
protected sphingosine 11 with dodecanedicarboxylic acid anhydride 12 fa cyclic 
anhydride, synthesized from diacid and dicyclohexylcarbodiimide (DCC)) in 
chloroform afforded N-[13-carboxyltridecanoyl]-D-^m/?ro-sphingosine 2 under 

25 catalysis of 4-dimethylaminopyridine (DMAP) in 87% yield after flash 

chromatography. The u>-carboxyl group of ceramide analog 2 was activated with CDI 
in chloroform. Following the activation, the ceramide-imidazolides were bonded to 
silica propylamine (SPA) particles with 24 hours shaking After workup, ceramide- 

:.e icMUUdi amines u;i me mj;^ paiucie Milium > i n01*> pioiecting gioup* wen- 
removed with tetrabutylammonium fluoride(TBAF) in TIIF The reactions were 
monitored by a Nicolet Magna 550 FT-TR spectrometer equipped with a Spectratech 



WO 99/10522 



PCT/US98/17398 



-48- 

IR-Plan I microscope. After deprotection, a monolayer of ceramide lipid membrane is 
generated bearing identical interfacial groups to endogenous ceramide lipid. The 
bonding density was calculated from elemental analysis. Finally these silica particles 
were packed into the stainless-steel columns and used for high performance liquid 
5 chromatography. Our preliminary data clearly showed that ceramide based stationary 
phases are suitable for the prediction of skin permeability constants of diverse 
chemicals. Solute capacity factors (k') measured on the columns correlated well with 
skin permeability coefficients (kp) or the percentage of percutaneous absorption (% 
Abs) measured through the excised human skin or the human subjects. 

10 

Correlation of Drug Binding Affinities with Oral Absorption 

Table 6 shows eight compounds eliciting low oral absorption that were 
used as a training set to calculate a low MAJP representative of low drug absorption. 
The small average D 2 value, i.e., 3.5 ± 1.24 relative to low MAF M (last column in Table 

15 6) indicates that the group of compounds in the training set are statistically well 

defined. D 2 values based on low MAF M for the 13 compounds exhibiting complete oral 
absorption are very high (Table 7). The large average D 2 value, i.e., 96.26 ± 96.01 
(last column in Table 7) indicates that compounds which are highly absorbed have 
statistically different membrane binding properties compared to compounds that exhibit 

20 low oral absorption. 
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Table 6. Training Set Representing Low Oral Absorption 



Compound 


Oral Absorption (%) 


D 2 ** 


nalbuphine 


16 


2.10 


ketamine 


20 


3.71 


scopolamine 


27 


2.13 


norfloxacin 


30 


4.96 


sulpiride 


36 


4.95 


acebutolol 


37 


2.87 


ranitidie 


50 


4.67 


etoposide 


50 


2.58 






Average - 3.5 ± 1.24 



♦These eight compounds were used to determine the l0W NLAP vector. 
**D 2 values are calculated relative to the low MAP vector. 

15 
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Since the test compounds in Table 7 exhibited distinct D 2 values 
compared to the low MAF M vector, the compounds listed in Table 7 were used as a 
potential training set to generate a hlgh MAF M vector. 



Table 7 Calculation of D 2 Relative to '""MAF' 1 for 



10 



15 



20 



Compounds ' 


rhat are Completely Absorbed 


Compound 


Cirai ADsorpiioii ^ /oj 


D 2 


clonidine 


OS 


22.4 


clofibrate 




234 


alprenolol 




27.8 


meii onida^oic 




S i 8 


indomethacin 


98 


65.3 


clonazepam 


98 


151 


desmethyldiazepam 


99 


328 


phenytoin 


100 


7.17 


phenobarbital 


100 


17.3 


diazepam 


100 


138 


corticosterone 


100 


17.2 


chlordiazepoxide 


100 


103 


caffeine 


100 


58.4 




Average = 96.26 ± 96.01 
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Table 8 shows D : values relative to lugh MAF M for each compound in the 
high drug absorption training set. D 2 values based on ^MAF" for the 8 compounds 
exhibiting low oral absorption are high (Table 9) 



Table 8. Training Set Representing High Oral Absorption 



10 



15 



20 



Lompounu 


Oral Ahsorntion (°/o) 


D 2 " 


cruoruiazcpuxjuc 


100 


1.26 


Qla-Zcpalll 


100 


1.67 


cioiiDraie 


95 


1 85 




98 


1.89 


alnrenolol 


96 


2.48 


phenobarbital 


100 


2.99 


corticosterone 


100 


3.05 


phenytoin 


100 


3.16 


chlonidine 


95 


4.87 


desmethyldiazepam 


99 


5.57 


indomethacin 


98 


5.75 


caffeine 


100 


6.22 


metronidazole 


98 


7.15 




Average = 3.68 ± 1 97 



**D 2 values are the calculated relative to the ^MAF" vector. 



25 
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Table 9. Calculation of D 2 Relative to ^MAP for Compounds 
That Have Low Oral Absorption 



Compound* 


Oral Absorption (%) 


D 2 ** 


nalbuphine 


16 


2.20 


ketamine 


20 


7.87 


scopolamine 


27 


2.53 


norfloxacin 


30 


39.4 


sulpiride 


36 


3.94 


acebutolol 


37 


2.05 


ranitidine 


50 


42.09 


etoposide 


50 


3.36 




Average - 12.9 ± 17.3 



15 Data Acquisition Using Liquid Chromatograph/Mass Spectrometer (LCMS) - 
General Experimental Protocol 

Mass spectrometers (MS) can be used as detectors for identification of 
compound eluting from a liquid chromatograph (LC) instrument. The only 

20 requirement for detection is that the compound can be ionized without composition. 
Thus, one preferred method for determining membrane binding constants is to use an 
MS as a detector for compounds eluting from LC columns. The general advantages of 
using MS detection are (1) compounds without chromophores can easily be detected, 
(2) multiple compounds can be uniquely identified from a single injection, and (3) small 

25 amounts of compound can be used for determination of binding constants 

chromatographically measured on immobilized artificial membranes (IAMs) or other 
solid phase chromatographic substrates. These three advantages allow simultaneous 
injection of very small amounts of hundreds of compounds with detection of essentially 
all compounds eluting from the column. Such procedure allows for direct comparison 



deriving from column-to-column variability and variability in other experimental 
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parameters. An example of data acquisition using LC with MS detection is given 
below. 

Jest Mixture 

5 A mixture containing 0. 100 nmoles of 155 compounds was prepared. 

At least a portion of the compounds are compounds of known clinical significance; 
they serve as internal standards against which the binding affinities of the test 
compounds are measured. The mixture was dissolved in 6.0 mL 15% acetonitrile and 
85% 30mM ammonium acetate, pH - 7.4. 20 nL of this test mixture was loaded onto 
10 a 3 x 0.46 cm I AM column. This corresponds to loading ~ 16 ug of the test mixture 
and loading 320 pmoles of each compound onto the column 



LC Conditions 

A 3 x 0.46 cm I AM column was used. The mobile phase was 15% 
15 acetonitrile and 85% 30mM ammonium acetate, pH - 7.4. The flow rate was 1 .0 mL 
per minute and no flow splitter was used. The run time was 2 hours followed by a 10 
minute 100% acetonitrile wash. 



MS Conditions 

20 A Bruker Esquire-LC was used. Each run was done twice. In the first 

run, the auto MS/MS was not used. In the second run, the auto MS/MS was used. 
The auto MS/MS allows for the identification of compounds which have the same 
molecular weight 

Typical MS instrument have the capacity to use flow rates of 2 mL/min 
25 and at least one instrument has a mechanism for washing salts from the inlet of the ion 
source. Typically, mobile phases cannot have salts because evaporation of the mobile 
phase in the ion source results in excess buildup of salts that restrict flow of ions into 
the ion source. Finnigan recently developed an LC/MS instrument in which salts are 

processed, typicallv using a computer data accessible communication with the data 
storage device, and programmed with a vector analysis algorithm, to provide a user 
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readable output in a preprogrammed format for facilitating comparison of the binding 
affinities of test compounds with those of control compounds or with mean vector 
quantities for one or more training sets. 
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CLATMS 

1 . A method of screening test compounds for probable biological 
properties comprising the steps of 
5 identifying two or more membrane mimetic surfaces each having a 

unique composition; 

providing a set of control compounds, each control compound having 
a known biological property and defining for each control compound an ordered set of 
numerical values related to its interaction with each respective membrane mimetic 
10 surface, whereby said ordered set of numerical values can be represented by the 
expression {C ir C 2 C n } wherein n is the number of membrane surfaces; 

defining an ordered set of numerical values {T l7 T 2 ....T n } for each test 
compound related to its interaction with each respective membrane mimetic surface; 
and 

15 comparing the set of numerical values for each test compound with the 

sets of respective values for said control compounds and identifying the biological 
properties of those control compounds having ordered sets of numerical values best 
matching the respective numerical values in the ordered set of values for each test 
compound. 

20 2. The method of claim 1 wherein the numerical values are defined 

empirically. 

3. The method of claim 1 wherein at least a portion of the numerical 
values are calculated. 

4 The method of claim 1 wherein numerical values relating to the 
25 interaction of the compounds with each membrane mimetic surface are determined in a 
chromatographic system using a mobile phase and a stationary phase comprising said 
membrane mimetic surface. 

5. The method of claim 1 wherein at least one of the membrane mimetic 
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6. The method of claim 4 wherein each value in the ordered set of 
numerical values for each respective compound corresponds to the retention time of 
the compounds in the chromatographic system using a predetermined stationary phase. 

7. The method of claim 4 wherein each value in the ordered set of 

5 numerical values for each respective compound corresponds to the peak width of the 
compounds in the chromatographic system using a predetermined stationary phase. 

8. The method of claim 1 wherein the membrane mimetic surfaces are 
selected from liposomes, Langmuir Blodget films, and immobilized artificial 
membranes. 

10 9. The method of claim 1 wherein the numerical values for T and C for 

each membrane surface are each normalized against a common reference standard tor 
said membrane surface. 

10 The method of claim 1 wherein the best matching control compound 
are those for which the angle 0 in the formula cosine 0 = (T^ + T 2 C 2 + .T n C„)/ 

15 (T L 2 + T 2 2 + . . T n 2 )V2 (C 2 + C 2 2 . . .C n 2 )V2 is less than about 20°. 

1 1 . The method of claim 1 0 wherein the angle 0 is less than about 15°. 

12. The method of claim 10 wherein the angle 0 is less than about 10°. 

13. The method of claim 4 wherein each membrane mimetic surface is an 
immobilized artificial membrane. 

20 14. The method of claim 1 wherein at least one of the membrane mimetic 

surfaces compriseds a mixture of lipid compounds. 

15 The method of claim 14 wherein the species and stoichiometric amounts 
of the respective lipid compounds in the mixture corresponds substantially to that 
occurring in a predetermined biological membrane species. 
25 16. A system for screening test compounds for probable biological 

properties, said apparatus comprising 

two or more membrane mimetic surfaces, each having a unique 

composition, 



value characteristic of said quantified interaction of the compounds for each respective 
membrane mimetic surface; and 
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a programmable computer for comparing the numerical values for the 



test compounds with the numerical values for the control compounds. 

17. The test system of claim 16 further including a printer, a display or 
other means for reporting the control compounds having numerical values best 

5 matching those of the test compounds. 

18. The test system of claim 16 further comprising a database containing 
numerical values characteristic of the interaction of selected control compounds for 
each membrane mimetic surface, at least a portion of said selected control compounds 
having a predefined biological property 

10 19 The test system of claim 16 wherein the quantifying means is a 

chromatographic system and the membrane mimetic surfaces are stationary phases for 
said system. 

20. A method of screening test compounds for biological properties 
comprising 

15 selecting two or more membrane mimetic surfaces each having a unique 

composition, 

selecting at least one training set composition comprising one or more 
control compounds having a common biological property, 

combining the test compounds with the training set composition to 
20 provide a test mixture; 

contacting at least a portion of said test mixture with each of the 
membrane mimetic surfaces to define numerical values characteristic of the interaction 
of the test compounds and the control compounds with the respective membrane 
mimetic surfaces, and 

25 comparing the numerical values to identify test compounds having 

numerical values that best match the numerical values for the control compounds. 

21 The method of claim 20 wherein the step of contacting the text mixture 
with the membrane mimetic surfaces is carried out in a chromatographic system 

cnromatoerapme system utilizing a mass spectrometry detector 
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23. The method of claim 21 wherein the step of comparing the numerical 
values includes the step of calculating a mean vector for the control compounds in 
each training set. 

24. A training set composition for use in screening test compounds for 
5 biological properties in vitro, said composition comprising at least two compounds 

which have a common biological activity, biological function, or clinical efficacy. 

25. The training set composition of claim 24 wherein the compounds 
having common biological activity are present in said mixture in a substantially 
equimolar ratio. 

10 26 The training set composition of claim 24 wherein each of the 

compounds in the training set exhibits affinity for a multiplicity of membrane mimetic 
surfaces, and an ellipse plot of the membrane mimetic binding data for the compounds 
in the training set composition is such that all compounds fall within the 0.95 quartile. 



15 control compounds. 

28. The training set composition of claim 25, including three or more 

control compounds. 

29. The training set composition of claim 26, including three or more 

control compounds. 

20 30. A phospholipid compound of the formula HOOC-W-OP0 2 OZ wherein 

Z is protected glyceryl, 2-(protected amino ethyl), 2-protected carboxyl-2-aminoethyl, 
2-protected carboxyl-2-protected amino ethyl or a readily cleavable ester protecting 
group, and W comprises the lipid residue of a biologically significant amphophilic 



compound is an amphiphilic compound found in natural biological membranes. 

32. The compound of claim 31 wherein the amphiphilic compound is 
selected from lecithins, lysolecithins, cephalins, sphingomyelin, cardiolipin, glycolipids, 



27. The training set composition of claim 24, including three or more 



compound. 



25 



31. The compound of claim 30 wherein the biologically significant 




lonnuia VV-OrCKOB, wherein \S is acylgiyceryi. 
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diacylglyceryl, or N-acyl 3-0-(protected) sphingosin-l-yl, wherein acyi is C 8 -C 24 
alkanoyl or C 8 -C 24 alkenoyl. 

34. A method for preparing a protected phospholipid of the formula 
HOOC-W-OP0 2 OZ comprising the step of contacting a starting compound of the 

5 formula HOOC-W-OP0 2 OCH 2 CH 2 N"(CH 3 ) 3 with phospholipase D(PLD) in the 
presence of an excess of a protected alcohol of the formula ZOH wherein Z is 
protected glyceryl, 2-(protected amino)ethyl, 2-protected carboxyl-2-amino ethyl or 
the residue of an acid protecting group, and W is a lipid residue as of a biologically 
significant amphiphilic compound with the proviso that W is selected so that the 
10 starting compound will serve as a substrate for phospholipase D activity. 

35. The method of claim 34 wherein the alcohol is used ai about a 3-foid to 
about a 1 5-fold stoichiometric excess, and the reaction is carried out in a buffered 
aqueous organic solvent in the presence of a water soluble calcium salt. 

36. A stationary phase for use in a chromatographic system comprising N- 
15 (13-carboxyltridecanoyl)-D-sCtllim-sphingosine covalently bound to a solid support 

through the 13-carboxyl group. 

37. The stationary phase of claim 36 wherein the solid support is silica 
propylamine. 
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